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. WISH that I were able to express to you 
in words the depths of my gratitude fôr 
the honor your Committee has conferred 
upon me in choosing me to giye the Jane- 


way Lecture this year. My apprecsation is - 


increased by the conviction that it must 


have been done as a token of your friend- 


ship. May I say with the utmost sincerity 
that in no other society in which I have had 
the privilege of membership have I enjoyed 
more congenial and happy hours. 

As I have nothing of scientific value, or 
bearing upon pure research to offer to you, 
I have chosen to talk to you about the 
gynecologist, including his dusty, if not 
tarnished past, and to endeavor with a 
crystal glass, which I trust wil! not be too 
opaque, to obt&in a glimpse of his future, 
especiallygwhere-it touches upon our dual 
fields of radiation and neoplasms. 

What is a gynecologist? From whence did 
he come and whither does he go? _ 

Gynecology means in a broad sense the 
study of woman. In a narrow sense it refers 


-.to the study and consideration of the dis- 


eases peculiar to woman. 
many wayg these diseases follow or 


* Delivered at the Twenty-seventh Annual Meeti hg; American Radium Society, Atlantic City, N. J., June d 1942. 


e aptitude musthave set 


complicate the act of reproduction, whic 
is the greatest act of a woman’s life; indeed, 
is essentially the reason for her existence. 
In the earliest times, in all probability, 
tlis@ases which afflicted the human body 


were little, if at all, understood and treat- 


ment must have been very sketchy. In- 
juries and accidents of necessity — 
and were taken carg of according to t 
means and judgment at hand. | 
Childbirth, howeves, was something 
whch was a part of the individual and com- 
munal life of every, tribe and nafion. One 
can readily understand that hdividuals or 
groups of individuals by choice or natural 
1emselyes aside to 
look after and minister te» the: woman in 
childbirth. We therefore can find records 
dating back to the earliest times indicating 
that special attention was given to the field 


of obstetrics and that midwi h a 
speciality was gradually degeloped. ' 
There were no books orreatises upo 


gynecology but thereare magy publications 
of great historic interest defling *with the 
problems and complicationsWof labor and 
the diseases resultfng thereffom. A bref 
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reference to these earlier writings may be of 
„sorme interest. ’ 

4ne1678, a system of medicine and sur- 
gery was published under the supervision 
and name of Lazarus Riverius." There were 
seventeen volumes and it contained the 
writings and qpinions of various ikdividuals 
of “that period. The fifteenth volume was 
devoted.fo diseases of women and in the 
préfacé the authog says, ""These*are called 
Womens Diseases which are proper to them 
only, and come from the defect of that part 
which is distinct in them from men, viz: 
the womb: ofewhich Democritus in his letfer 
to Hypocrates said, That it was the cause of 
six hundred miseries and innumerable 
calamities. All which diseases we shall 
speak of in as few words as the dignity of 
the matter will permit." Among the dis- 
eases mentioned in this treatise as coming 
from the cavity of the womb was can- 
cer. 

A Gynecology rond to be dwarfed by 
obstetrics or midwifery until the nine- 
teenth century. In fact, such gynecology as 
there was up to 1850 was chiefly medical 
gynecology. - ?. 

When this country was founded in 1776, 
Gynecology as a Science did not exist. One 
hundred years later, in 1876, the American 
Gynecological Society was founded. Its 
first President, Fordyce Barker, Professor 
of Cliniel] Midwéfery and Diseases of 

Womens Bellevue Hospital Medical Col- 
lege, in his annual address ascribed the 
elevatign of fhis department of Diseases of 


Women to the rank of a special science as . 
elopment of the vaginal e 


being due $o thed 
speculum and ehé uterine sound. He said: 
“The speculum and the uterine probe, by 
means of which, chsefly, this department of 
the profession kas been raised to the rank 


of science, had been known and 
ably were fised to a limited extent by a 
ew, as theyfZare mentioned by several 


writers of thefseventaenth centuty: but no 

allusion to eifher of these instruments can 

be found by any writer in the English 

Afhguage, an it isnot probable thata single 

man in Engband or America ever made*use 
b e 
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* 
of either of them until within the past half 
century. | 

At this first meeting in September, 1876, 
it is of interest to noteethat there is in the 
published transactions not a single refer# 
ence to cancer, despite the fact that those 
present were a carefully chosen group, 
about forty in number, of the most dis- 
tinguished gynecological specialists 1n 
America. 

About the time of the organization of the 
American Gynecological,Society the treat- 
meht of cancer of any portion of the female 
generative tract was indeed in a very sad 
state. In fact, one European writer pub- 
lishe& an article in 1876 under the title 
"Gynecological Cancer, noli me tangere." 
Another writer, Dr. Lever, in a “Prize Es- 
say on Organic Diseases of the Uterus” said 
regarding cancer of the cervix, "In my 
opinion it is useless to remove the diseased 
portion, however favorable the case may be, 
unless we can remedy the cancerous dia- 
thesis which exists in these patients, and 
which leads to the redevelopment of the 
disease in the uterus or in some other dis- 
tant organ." This indicated an attitude of 
defeatism which I regret to say still exists 
and is all too common not only in the pub- 
lic mind but among physicians as well. As 
a matter of fact in the gynecological litera- 
ture published during that year, 1876, the 
treatment of cancer of thé cervix was 
limited largely to the use of such substances 
as chromic acid, nitric acid, chloral hydrate 
and tincture of eucalyptus. Safe enough for 
the physician but useless for the patient. 

However, in 1809, the surgical world was 
startled by the first successful abdominal 
operation for the removal* of an ovarian 
tumor. It was done by Ephraim McDowell 
in Danvile, Kentucky. This operation 
aroused much discussion and great con- 
troversy. From this point onward American 
physicians rapidly came to the front in the 
development of the Science of Gynecology. 

Indeed, American gynecologists led the 
way throughout the entire nin eenth 
century. In 1845 J. | 
his operation for the cure of vesicovagi 
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Role of be Ginettlot 


. fistula. In 185 5 largely through Sims' ef- 
‘forts the Woman's Hospital of the State of 


New York was opened. One of Sims' as- 
soctates Thomas Adtlis Emmet, Surgeon to 


"the Woman's Hospital from 1862 to 1900, 


was a brilliant and gifted gynecologist who 
developed the field of vaginal plastic 
surgery as 1t still is done today. In speaking 
of the need for Surgical repair of obstetrical 
injuries to the cergix Emmet says, “Much 
good was accomplished by demonstrating 
the existence of lacerated cervix and the 
close relation of the injury to epithelioma, 
if it be not the actual cause.’ 

In the final quarter of the nineteenth 
century, gynecological surgeons gradually 
grouped themselves into special societies in 
various parts of this country. Sorapid was 


- the progress of these men in surgical tech- 


nique that they led the way not only in 
their special field but in surgery of the ab- 
domen, and they were pioneers in introduc- 
ing new surgical methods and procedures. 

However, the gynecologists met. with much 
sporadic and at times congerted opposition 
from the general surgeons who endeavored 
to limit the field of gynecological activity to 
obstetrics and medical gynecology. This 
effort, however, was defeated by the estab- 
lishment in medical schools of separate 
chairs of gynecology and in various promi- 
nent hospitals throughout the country of 
separate services devoted to the surgical 
problems of gynecology. 

As I have said before, at the time of the 
Centennial celebration of the founding of 
this country in 1876, little of value was 
being accomplished in the treatment of 
cancer of the female genitals beyond the 
application of simple medicinal remedies 
to the ulctrating lesion. At this time a dis- 
tinguished gynecologist of Brooklyn, New 
York, John Byrne, was earnestly advocat- 
ing amputation of the cervix by the gal- 
vanocautery as a method of treatment for 
carcinoma of the cervix. In a paper record- 
Ing his observations and describing his 
d in 1877 he wrote as follows: “In 
usion, I haye only to say that of all 






Åe means and methods thus far suggested 
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or resorted to for amputation-of the cervix 
utem, whatever conditions indicating or 
warranting the same may be, galvarft- 
cautery will be found to be infinitely the 
safest, and in thecaseof cancer particularly, 
by far the most thorough and radically 
curative irfits tendency. " Hednad then been 
doing the operation for eight years and 
among his reported cases already had sur- 
vivals for Six and seven years. 

Byrne continued his Work and published 
his results in papers from time to time be- 
for the American „Gynecological Society up 
to "1896. Watkins, in 1915, safd that up to 
that time Byrne's results in the treatment 
of cancer of the uterine cervix as given in 
his statistics were the best that had ap- 
peared in the transactions of the Soci- 
ety. 

Other gynecologists in this country and 
in Europe followed Eyrne's lead in at- 
tempéing to eradicate cervical cancer by 
means of the electric cautery, but the num. : 
ber of favorable results on the whole was 
small and discouraging. As the principles 
and technique of abdominal surgery, with 
Special reference to hysterectomy; became 
better defined and the procedure more suc- - 
cessfully accomplished, the efforts on the 
part of the gynecologists to cure cancer ef 
the cervix or body of the uterus by hyster- 
ectomy began to accumulate. Despite the 
development of exttnsfve radici surgical 
procedures brilliantly conceived ,amdaexe- 
cuted by gble gynecologists, the end- 
results of surgery in the treatment af cancer 
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- of the cervix at the end,of the last century 
e were not satisfactory. 


aneway, in IgI9, 
in a splendid report of his Personal experi- ' 
ence in the treatment of uterine cancer with 
radium especially comnfented upon the dif- 
ficulties the gynecologist experiencedat the 
beginning of the present cewka? at- 
tempting the Wertheim &pe of radical 
hysterectomy for cancer ofkthe cervix, age, 
well as thé grave risks faced By the patient, | 


for the mortality rates of diffrent operators " 
were high, even though they Waried from 10 
per cent upwards to 30 per cet. The post- 


opérative morbidity was distressing and 
. i 
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- convalescence slow, usually because of uro- 
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logic complications. r 
."[]fis was the discouraging situation 
which faced the gynecologist in his effort to 
cure the most common type of cancer met 
with in the female generative tract, cancer 
of the cervix,gn the final decade’bf the last 
century. l 

— The Gay Nineties famed in song, music, 
amt the-drama, as well as for the gorgeous 
hats—and: bustles* of the ladies of those 
years—left a heritage of much joy and 
laughter for our subsequent entertainment, 
but all that came out of that decade was'as 
nothing compared with the product of its 
final years when mankind was blessed by 
two brilliant scientific discoveries, that of 
the X-ray by Róntgen in 1895 and radium 
by the Curies in 1898. The therapeutic pos- 
sibilities of both the roentgen ray and 
radium soon were, being widely explored 
both in the laboratory and the clinic.e 


- Among the earliest lesions subjected to 


treatment by the rays of these two sub- 
stances were the neoplasms, both benign 
and malignant, of the female genital tract. 
With the exception of a New York generaf 
surgeon, Robert Abbe, the pioneer work in 
this field of therapy in America was done, 
twa large extent, by gynecologists, as well 
as a few radiologists. e 

Dr. Howard A. Kelly, at that time Pro- 
fessor of Gynecology at the Johns Hopkins 
Medea School, and his associate, Curtis 
Burnam, took up theestudy qnd use es- 
pecially, of radium in 1911 and published 
their first papereqn this subject in 1914. 
From that*time ox 


tion therapy. Other gynecologists of repute 
and note who rapfdly followed their lead 
were {lark of Philadelphia; Schmitz of 


"Uo iue nch of,San Francisco, and 
Bailey of New fork. Many others who have 


Home into the Meld since have done splendid 


[^ 


work and repórted'laege numbers of cases 

successfully tfeated by either radium or 

roentgen radiation or a combination of 

both. E UR, 

Today thë gynecologically trained $pe- 
; e. 
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ward they held a leading e 
-place in develoffing the entire field of radia- 


f b. 


cialist holds a very prominent place, as a — 
practitioner, as a teacher and an investi-/” 


gator. e has had an extensive preliminary 
training; not only the*academic and pro- 
fessional, training required of all medica 
graduates, but he has spent a greater part of 
the first five years following his graduation 
in apprenticeship and study in general and 
special hospitals in s obstetrics and 
gynecology! He is a traghed diagnostician 

and surgeon and is fully conversant with 

the ills that pertain to «he human female. 

The peculiar nature of his. work tends to 

create an atmosphere of intimate confi- 

dence and dependence upon hirn for advice 

much greater than exists in other branches 

of medical science. He has an unusual and 

continuing Opportunity to advise and teach 

his patients}on methods and procedures of ` 
health, for often his patients are made up 

in no small number of those whom he has 

brought into the world and who continue 
thereafter to seek professional advice from 
him. He, in my opinion, occupies a position 
of grave responsibility and great opportuni- 
ty to work out problems of prophylaxis and 
cure in Nis chosen field. It must be assumed 
that by his special training and education 
he should be more competent and alert to 
the danger signals of cancer than many of 
his associates. Moreover, he should bg fully 
cognizant of the conditions which may be 
regarded; asi antecedent to cancer in his 
particular field. He should also be more 
conversaht with the physiology and pathol- 
Ogy, as well as the endocrinology, of the 
genital tract and breasts than the general 
surgeon 1$. | 


Probably;! so far as the, broad field of 
radiation|is concerned, the gynecologically 


trained specialist assumes a very small, 


róle. Nevertheless, in his own field he must 
acquire moré than a working knowledge of 
the indications for and application of radia- 
tion methods. The need for this knowledge 
I think is fully recognized today and the 
younger graduates are to some extent re- 
ceiving the hecessary training and ewperi- 
ence to qualify them. Older men shoulQgs- 
sociategsüch qualified younger men wi 
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them in their work. Individual initiative is 
(worth while but cannot replace. good team 
work. 
: Referring to radictherapy, Bürnam says: 
Tei is positively certain that the techniques 


* and fields of application of today will not 


coincide with those of tomorrow. It has be- 
come increasingly important, if not-an ab- 
solute obligation. of the gynecoólggist to 
thoroughly familigrize himself with. these 
newer tools, and to study their value AS ap- 
plied to his speciadty. Only by this means 
can follow a fruitful coordination of radio- 
therapy, operative surgery and other 
methods of treatment." sg... 

The family physician, in the final analy- 
sis, 1s the proper person for patients to 
report to at regular intervals for thorough 
physical examination. The gynecologist, like 
other specialists, endeavors to inculcate 
this thought in the minds of all patients 
seen by him. | 

Experience indicates that few patients 
seck the specialist; the majority consult a 
genefal practitioner first and ‘are referred 
by him to the specialist or expert if he 
deems it necessary. 

The great difficulty is to establish in the 
public mind the thought that the individual 
must not wait for symptoms of illness or 
diseasg before arranging for the periodic 
examination. 

Cancer in its incipiency in almost any 
part of the body is a silent disease and as 
W. S. Stone has well said, “There are no 
symptoms of beginning cancer and un- 
qualified statements to that effect must be 
made not only to the public. but to the 
profession." 

The educational requirements which a 
, candidate has to meet today i in order,to be 
" qualified as a specialist in gynecology Or 
Obstetrics are on a very high plane,-as i in- 
deed they are for specialists in radiology 
and practically every branch of medicine. 
Their certification by competent examin- 
ing boards is all in the interests of the pub- 
it requires one who wishes to qualify 
specialist to, spend many. additional 
‘Sars in study and training after hisgradu- 
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ation in medicine. 

‘Ag I have said before the ey nature of. 
the specialty of gynecology and its «wit, 
obstetrics, tends to establish in the minds of 
patients a sense of confidence and loyalty 
toward their physician which, on the one 
hand, enc@urages and makes jf easier for the 
patient to obey his admonition to report for 
examination at regular intervals but, on 
the other hand, it also places a heavy“fe- 
sponsibility upon, the Physician to make 
sure that his investigation is thorough and 
that no dull routine or haste enters into it 
and nothing must be taken for granted. 
Sins of omission creep in too easily and 
must be guarded against. 

"The obligations of the gynecologist to the 
public, to his fellow physicians and to.his 


patients in the realm of cancer prevention. 


and cure are very great. His opportunities 
for constructive work in,the prevention and 
cure ef cancer as it occurs in the organs 
peculiar to the female are unbounded. That 
cancer is the second greatest cause of death 
in the United States is well known. The 
total annual toll of deaths is now nearly 
1605000. These figures, of course, do nòt 
tell us of the additional thousands now ill 


* 


with cancer who may still be cured if . 


proper treatment is accorded them, nor gf 
the thousands cured each year through early 
diagnosis, prompt and adequate treatment. 
Such facts are too lettl& realizedeand cer- 
tainly not appreciated, but these facts are 
far more petginent than the total of fatali- 
ties. Far the dead we can dq' nothing; for 
the living we must bend ewery effort to re- 


estore them to health. ` s 


It is said that 95 per cere of all cancers 
occur in men and women over thirty-five 
years of age, and, according to Wilson of 
the Harvard School for Public Health, 
more women between the ages Salads 5-8 ve 
to fifty-four inclusive die of fancer than of 
any other single disease. % 

Do we ås gynecolegists realize that 40 
per cent of the fatal cancers ingwomen occur 
in the uterus and breast? I A afraid not. 


thrée out of four of those paWients could 
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Yet there is not the slightesid doubt th@t . 
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have been cured if the cancer had. been 


y recognized ih its early stages and efficient 


tfeaement promptly instituted. I think it is 
no exaggeration to say that since the uterus 
and the breasts are readily accessible: to 
meticulous examination including inspec- 
tion, palpatign and biopsy study it seems 
tĦat careful checkups every six to nine 
months would be adequate to give the pro- 
teetion required., In suggesting*to our pa- 
tients the need for such frequent examina- 
tions I like to speak, not of the possibility 
of finding that a cancer has established ,it- 
self since the preceding visit, but of ideñti- 
fying and curing any and all of the condi- 
tions which if neglected may lead to illness 
or possibly even to cancer; in other words, 
to keep the patient in such good health that 
it would be very improbable that cancer 
would occur. One would think that ab- 
normal bleeding from the genital tract 
would arouse enough curiosity or anxjety. in 
a patient to cause her to seek immediately 
the opinion and advice of a physician. 
Strangely enough, this striking symptom, 
in fact the only worth while,symptom of 
cancer of the neck or body of the utertiseis 
all too frequently ignored until the disease 
has become so firmly established and so 


widespread that the patient is doomed to. 


die. It is a sad comrgentary on female in- 
telligence that otherwise well women be- 
tween the ages of forty and fifty years tend 


. to regard any type of abnormal uterine 


bleeding as significant of thg menopause 
and fai] to cOgsult their physician regarding 
it. We know and they certainly should be 


_- told that in many instances'the bleeding ise 


/ 


caused not by «he menopause but by cancer 
of the neck of the uterus. Due, we believe, 
chiefly to this mistaken idea and the result- 
ing pgocrastination, statistics on cancer of 
the cea show that fewer women in the 

survive the disease than in 


menopausal T 
pe preceding’ and succeeding decades. 


£ 


Here, indeed, is æ fertile fidld for the 
gynecol8gist £o spread the gospel of truth 
regarding thg significance of abnormal uter- 
ife bedi and thefeby save countless 
valuable li 
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Today it would be difficult to speak of the 
gynecologist in any róle without referrin 
to endocrines, endocrine organs, hormones 
and the possible assocfation or influence of 
these chemical substances upon the develop- 
ment of cancer. This is a pertinent question 


in view of the extensive and. widespread 


therapeutic use of hormonal products in 
recent years, especially those obtained from 
the ovary and testis. [he preparations used 
are given in concentrated form, often par- 
enterally in large. dosage and frequently 
over long periods of time. Moreover, the 
symptoms for which they are administered 
occur in the decades of life in which canéer 
is most commonly met;.therefore, one may 
say in which the predisposition.to cancer is 
greatest. In view of the great influence 


which the hormones produced by the endo-. 
crine organs are known to have upon the 
entire body and its functions it is not sur- - 


prising that much study and research have 
been directed toward investigating a -pos- 
sible relationship between hormones. and 
the development of cancer. 

` Much has been said on both sides of this 
subject The protagonists are those whose 
chief interest is in animal experimentation 
whereas the dissenters are the clinicians 
whg deal with human patients. It may be 
apropos here to quote Rose who says, “The 
results of animal experimentation are by no 
means always applicable to the human sub- 


ject. What is true in the laboratory i Is not . 
necessarily true at the bedside.” 


Of all the endocrine organs the ovary is 
the only one the internal secretion of which 
has had a definite influence over the growth 
of cancer in the experimental animal. 

: , * 

Cancer of the cervix and cancer of the 
proce have been- produced $n cancer- , 


susceptible strains of male and femalemice " 
_by large doses of ovarian hormone given 
over a considerable period of time. It is also 


known: that when ovarian activity is in- 
hibited by removal or destruction of the 
ovaries, the growth of such spontaneous 
cancers in mice is retarded. The results of 
these laboratory experimgnts in animaNare 
of deep significance to the gynecologist aytd 
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clinician and naturally have led, to much 
autious clinical inyestigatión and,study in 
an effort to check and double check the pos- 


/ | Sibility of similar occurrences in the human 


"subject. However, it should be stated that 


* an amount of estrogen proportionate to that 


given the experimental animals could not 
possibly be given to human beings as it 
would be much too great for human ad- 
ministration. To date there does not seem 
to be any authentic instance in which can- 
cer in the human hgs resulted from the ad- 
ministration of ovarian hormone. ' 
Bittner of Bar Harbor made some-in- 


:teresting observations in his experimental 


studies with foster nursing in canter- 
susceptible mice. He found that the inci- 
dence of spontaneous cancer in the litter 
was markedly decreased if the offspring of 
cancer-susceptible mothers were. nursed 
during the first twenty-four hours of life by 
mothers of a noncancer-susceptible strain 
—a remarkable and intriguing observation. 

Greene and Brewer, in their interesting 
study’ published last year on “Relation of 
Sex Hormones to Tumors of the Female 
Reproductive System" said they “fdo not 
believe that there is sufficient evidence to 
clearly establish that any one factor, such 
as estrogens, is the sole important etiolpgi- 
cal agent in the production of malignant or 


non malignant tumors in the human female. 


There is insufficient evidence available to 
lead to the assumption that estrogens as 


. produced in the body or as administered by 


the physician have directly caused tumor 
formation in the human." 

Nevertheless, in view of the importance 
of this question of estrogenic influence in 
the inception and growth of human cancer, 


, 1 would like to quote the following simple 


` 


precautions advised by Edward Rose, which 
to me at this time seems sound and logical. 


1. Women who have or have had cancer of 
the breast or any part of the generative system 
should permanently avoid pregnancy, no mat- 
ter how completely the cancer seems to have 
been gared. 

d. Komen receiving treatment with any of 
tke natural or synthetic ovarian hormones or 


-: 
^ 


n | i ` Y e 1 


Rôle of the Gynecologist i In die Field of Cancer 


7 


knoei dies over any nsiderable 
length of time should have periodic examina- 
tions of the breasts and pelvic organs. 

3. In accordance with the suggestion of Bitt. 
ner... women with breast tumors,or with fam- 
ily histories of such tumors whether. benign or 
malignant should not nurse their danghters at 


any time. e 


e. 


Finally, I believe that the gynecologist 


with his knewledge of the anatomy, physiel- 
ogy, pathology and endøcrinology of the 
generative organs should hold himself 
equally responsible for a similar, thorough 
knowledge of the*problems of the female 
breasts, as they are too closely related to be 
dissociated. He should include them in his 
therapeutic field and should by training, 
daily contacts and his wide experience with 
the problems of the female be'betfer quali- 
fied to'do so than the general.surgeon. Many 
important developments have taken place 
in gynecology i in recent Yers and especially 


can one note a change in many viewpoints.* «^ 


Dr. Robert L. Dickinson, i in referring to 
gynecologists, said: "Surgery we have pro- 
moted. But, if we be just surgeons, by 
suggeons we fhay be displaced." Nothing in 
my opinion could better indicate the need 


for a full knowledge of the newer concepts : 


of physiology and endocrinology on the 
part of the specialist surgeon of whom the 
gynecologist is the one we are discussing as 
against the mere mechanical performance 
of operations. 

Let us now briefly consider the S¥Téco- 
logical canc field, our successes, our fail- 
ures and our problems. : 

Our armamentarium is all-inclusive for 
we depend upon surgery, radiation, endo- 
crinology, vitamins, oral, parenteral and 
intravenous administratjon of various po- 
tent drugs, blood and other fluid prepara- 
tions. 

All of these weapons'may ke bfOught into 
play seriatim in a single case before one has 
exhausted «the possibjlity of cure for the 
particular patient. . 

Consider a woman under forty-five years 
of age with an operable ca}cer of the 
breast. The first step is the wel recognized 
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radical sugical removal of the breast with 
the underlying muscles and all of the axil- 
QUY lymphatics. Following this, postopera- 
tive irradiation with the roentgen ray is 
utilized for the entire surgical field as a 
prophylactic measure against local recur- 
rence of the cancer. 

e In order tb permit the patient to with- 
stand the strain of these two major proce- 
dures, operation and irradiation, she will 
receive intraven®us medication in the form 
of glucose and saline solutions, whole blood 
or blood protein solutions, according to her 
needs. Vitamins, liver and other chemical 
preparations will be taken by mouth. 

Finally, recourse to endocrine therapy 
will be had, if she should -be unfortunate 
enough to develop bone metastases. It is 
now welé known that such secondary growth 
activity can be largely inhibited, the bone 
lesions caused to regress and indeed be re- 
placed by new borfe structure when ovarian 


esecretory activity is terminated; uf other 


words, by destroying the endocrine func- 
tion of the ovaries. This can be done by 
surgical removal of the ovaries or it may be 
adequately accomplished by soen tgenecas- 
tration with less annoyance to the patient. 

Similarly, in the treatment of ovarian 
cancer, it is imperative that all functioning 

arian tissue be removed surgically or de- 
stroyed by irradiati6n. 

This does not segm to be fully understood 
by all who do pelvic surgery, as far too 
oftermecause one ovary appears grossly to 
be normal, and the batient*is relatively 
youngs still if the menstruating epoch, the 
surgeon fails to remove the opposite ovary 
and the uterus, 

This usual ponet the patient to 
the necessity of another operation in a year 
or less for the cancer rarely fails to develop 
in tle remaining ovary. At the second 
operatiüf-the surgeen seldom finds condi- 
tions as favo ble for a cure as they were 
at the first operatjon. i 

Such a conservative point of view on the 
part of the-surgeon must be deplored as it 
igdicátes ad'wrong conception of the be- 
havior of ogfarian cancer. 
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One cannot discuss the squamous cancer 


arising on the skin or mucous membrane of p 


the vulva without referring to Taussig% e 
splendid studies and his reports of susgical ' 
cures of this very malignant lesion. 
His pioneer work has demonstrated be-e 
yond dispute that once the cancer has 
broken out, the best method of attack is by 
means of a radical surgical procedure which 


avy" 


clears away the vulva with the primary le- 


sion andeall of the lymphatic drainage area 
to and sometimes beyond both groins. 

. But this is not the heart of the problem. 
The gynecologist, by his special knowledge, 
is In a position largely to eradicate this type 
of eancer by curing the nonmalignant skin 
lesions of the vulva which almost invariably 
have been causing severe annoyance to the 
patient long before the cancer develops. 

These skin lesions can be cured by medi- 
cal means, by endocrine preparations, by ir- 
radiation and finally, if necessary, by minor 
surgical procedures. 

e The vulva is a great and fertile field for 
prophylactic gynecologic measures against 
cancer. ° 

‘Unless and until the gynecologist and his 
co-worker, the obstetrician, educate their 
patients to the thought that by frequent 
pelvic examinations the physician will be 
able to recognize and correct, often by office 
treatment, the common disturbances of the 
cervix or neck of the womb, such as endo- - 
cervicitis, erosions, cysts and small tears, 
nothing worth while will be accomplished in 
prevention of cervical cancer. And, not 
many diagnoses of this anatomical site of 
cancer in its earliest stages will be made. I 
say this unequivocally and regardless of 
whether one believes thatelocal injury, in- 
fection or inflammation has been satis- 
factorily demonstrated as the cause of* 
lesions in the cervix that predispose the 
cervix to cancer. The fact remains that 
cancer of theuterine cervix, in our statistics, 
is almost exclusively a disease of married 
women, nearly all of whom have con- 
ceived. | 

We owe it to these women to do Wery- 
thing in our power as spetialists in women’s 
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diseases to protect them from cancer. It 
ems to me the way is clear and the path 
not too difficult. 
Orte the cancer $ established in the 


Cervix it is generally conceded that radia- 


tion therapy will cure the favorable cases as 
permanently as can be accomplished by 
surgical measures. In the so-called ad- 
vanced or unfavorable cases, surgery has 
nothing to offer, whegeas radium and roent- 
gen.therapy alone, or in combination, not 
only relieve the pagient’s symptoms but 
establish a cure in a rather large percentage 
of cases. 

Cancer of the corpus uteri in general i is 
a postmenopausal disease, and is mich 


more amenable to surgical cure than is 


cancer of the cervix. 

In the patients not surgically operable, 
adequate irradiation methods will establish 
a cure in about 40 per cent of such cases. 
This ,is encouraging when one considers 
that the patient had cancer, was probably 
over fifty years of age and was a poor risk 
at theStart. 

In those patients whose symptom is 
uterine bleeding after the menopause, I 
would like to suggest, indeed to recom- 
mend, a more widespread use of the so- 
called endometrial biopsy procedure or the 
suction curette as an integral part of the 
patient's first examination by the gynecolo- 
gist. Such an office investigation is feasible 
in most cases, and if the pathologist's re- 
port on the specimen obtained indicates 
cancer one can, without hospitalization 
for diagnostic curettage, plan and proceed 
promptly with treatment for the cancer. 

Personally, I have been very much 1m- 
pressed through ‘the years by the frequent 
association eof fibromyomatous uterine tu- 


‘mors with cancer of the uterine body. About 


40 per cent of our surgically treated cancers 
of the corpus have had coincident fibro- 


. myomata. I believe this is more than coin- 


` 


cidence. By this I do not imply cause and 
effect, or that the fibromyomata are causa- 
tive faptors | in regard to the endometrial 
cancer. The presence of the fibromyomata 
in the uterus indicates to me that this par- 
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ticular patient's uterus has tumor growing 
tendencies and therefore requires close 
watching. 

So impressed have I been by the occur- 
rence of cancer of the corpus after the 
menopause in association with the. larger 
fibromyomata, 5 cm. or over 1g size, that I 
am inclined to advise hysterectomy as á 
prophylactic measure in such patients. If 
this is not done, the patiegt should be itt- 
structed to report for examination every 
six months. Irradiation has little value 
in reducing the size of fibromyomata after 
the menopause and should not be used. 

Ovarian cancer is the gynecologist's béte 
noir. It occurs at all ages but especially 
after puberty. In fact, the most malignant 
histological types occur in the years im- 
mediately following puberty. 

This type, common to young women, is 
extremely amenable to zoentgen therapy, 
and segmingly miraculous cures have re- 
sulted in some instances. In general, how- 
ever, our experience indicates that the 
primary cancerous ovarian growth or tumor 
is not radiosensitive and will not disappear 
aftei* roentgen or radium irradiation. : 

On the other hand, secondary intra- 
peritoneal ovarian cancer implants, as well 
as residual disease after incomplete operas 
tion, frequently regregs or completely dis- 
appear under irradiation. 

Ovarian tumors as sfch you €an see 
present puzzling diagnostic problems. It 
seems to " e important fact to bear in 
mind is that about 25 per cent qf all oyarian 
tumors are malignant; therefore, a diag- 
sosis of ovarian tumor should mean im- 
mediate operation, if the case is operable. 
One should not delay, for unfortunately 
there are no symptoms that will permit one 
to make with accuracy an early diagnogis of 
ovarian cancer. . oh 

The end-results in the treatment of ova- 
rian cancer today are deplorable, whether 
surgery or itradiation,eorea combination of 
both, is used. g 

dius I come to the end of mylecture and 
I fear I leave you whére we beet. 

Whither are we going? 
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William P. Healy  . 
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e PRESENTATION OF THE JANEWAY MEDAL FOR 1942 


morial Hf ospital, he is also the Associate RE 


e The Janeway Lecture is usually de- 
livered upon the afternoon of the first day 
of the annual meeting of the American 
Radium Society. The medal is presented to 
the lecturer at the banquet held that even- 
ifg. The 1942 medal was presented to Dr. 
William P. Healy of New York by the 
chairman of the Janeway Leeture Com- 
mittee, Dr. Douglas Quick, with the follow- 


` ing remarks: 


This medal is being awarded Dr. H. ealy for 
his work in, cancer. Weare all deeply sap- 
preciative of that work and have the utmost 
respect for it. However, there are other things 
for which we might hand other medals to 
Dr. Healy. His work in cancer has been sup- 
ported b} a marvelous background of attain- 
ment before he came to the Memorial Hospital 
to take over the Department of Gynecology. 

His long period as Associate Gynecologist 


* to the Roosevelt Hospital very amply fitted him 


for taking on a special branch of gynecology. 

Prior to that, in the making of a well rounded 
gynecologist, he had the fine training of a 
general surgeon. That probably explaifs, to 
you why he is never at a loss when he peeks 
over the brim of the pelvis and sees something 
«rong in the adjoining territory; he is always 
able to take care of tt. : 

Many of you may not know that Dr. Healy 
was at owe time Dean qf the Faculty of Medi- 
cine and Professor of Gynecology to the Ford- 
ham University Medicgl School. 

In addition to being, for these many years 


past, the Gynecofogical Surgeon of the Me- 
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fessor of Gynecology éo Cornell Univ&sity | 
Medical School—for all of which we might.’ 
award him other medals; for his teaching, par-* 


ticularly. 


Then, too, his contributions to organized | 


medicine in general have been by no means 
small. He has been President of the New York 
County Medical Society and he has done very 
extensive and real yeomqn work in organized 
medicine in our Community and in our State. 

. It would be imposing too much upon the 
good nature of this dinner assembly if 1 were 
to &ttempt an enumeration of the various 
Jine traits in the personal and social side of our 
Janeway Lecturer and honored guest of this 
evening. | would probably lose all sense of 
time. 

These are only a few of the little things for 
which 1 might offer these extra medals, but 1 
think that a gentleman who has done all of 
She things that he has and has done them so 
well must have some special reason bae of it 
all. I think we Have to come’round to the fact 
that it é just a red-headed Irishman born on 
the 17th of March, and being born on the 


I7th of March naturally Patrick had to go | 


into his label. 

We have the privilege of honoring not T a 
wonderful Irishman but a fine professional 
gentleman and avery loyal friend. | 

Pat Healy, it gives me very great pleasure 
to present to you, on behalf of the American 
Radium | Society, the Henry Harrington 
Faneway Medal. 


Janet, 1943 — 
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THE DUST HAZARD IN TREMOLITE TALC MINING, . 
INCLUDING ROENTGENOLOGICAL FINDINGS 


i IN TALC WORKERS 


By WILLIAM SIEGAL, ADELAIDE ROSS SMITH, and 
LEONARD GREENBURGe 


From the Division of Tuberculosis, New York State Department of Health, and the Division of 
Industrial Hygiene, New York State Department of Labor 
e 


. e : 

ROM time to time the attention of the 

Division of Indistrial Hygiene has been 
drawn, through compensation claims, to 
incapacitating fibrosis in talc workers. 
Since silicate dusts, of which talc is gne, 
have been considered relatively i innocuous 
in the opinion of most authorities (the single 
exception being asbestos), the occurrence 
of these cases has naturally. raised several 
questions—the obvious question as to 


whether this incapacity has resulted from 


talc exposure alone, and the second more 
Interesting question as to whether industrial 


. hygienists, with few exceptions, have erred 


in considering asbestos to,be the only in- 
jurious silicate dust. 

In an attempt to answer these questions, 
the study here reported was undertaken. 
It consisted of an investigation of the talc 
industry and an examination of talc miners 
and mill workers in northern New York 
State (St. Lawrence County) made, in 
1940-1941, as a Joint enterprise of the Di- 
vision of Industrial Hygiene of the State 
Department of Labor and the Division of 
Tuberculosis of the State Department of 
Health. 


NATURE OF TALC 


Talc is a hydrous magnesium silicate 
with the formula H;Mg;(SiO;), composed, 


e according to Ladoo? of about 63 per cent 


SiO», 32 per cent MgO, and 5 per cent 


. HO. It is usually a secondary mineral re- 


1) 


` 


sulting from the alteration of other mag- 


 nesium silicates or carbonates. While its 


own silica is present in the combined form, 
most talcs mined commercially contain 
varyfig amounts of such impurities as 
quartz, calcite, d&lomite, iron oxide, etc. 


y 


e 

Talc. has a characterfstic soapy feeling 
and a pearly lustre. It may be pure white, 
silvery white, gray or green and, when im- 
pure, yellow, brown or reddish. The most 
common commercial variety is a-massive, 
foliated, or granular type, but it may also 
occur in a micaceous, or in a fibrous form. 

Soapstone is a closely related substance, 
being. essentially an impure talc, and when 
pulverized it may be used for the same pur- 


poses. Tremolite, whichgis a calcium mag- 
nesium silicate, changes over to talc. It may, 


be mined with it and subsequently ground 
and sold as talc. 


GEO GRAPHICAL DISTRIBUTION 


* The United States produces about 65 
per cent of the world’s supply of talc, the 
leading states in its production bein 
Vermont, New York, California, Nor 


Carolina and Georgia. 


THE INDUSTRIAL USES OF TALC 


According to the Minerals Year- Book 
(1938) of the United States Bureau -of 
Mines, the use of talc and*soapstone is 
steadily increasing. Laded™ states that at 


“least 60 different uses for talc have been 


II 


noted, though most of them are of minor 
importance. Its value depends chiefly on 
its usefulness as a filler, inert extender, 
dusting powder and absorbent. In 1921, 
according to Ladoo, the magketed, ground 
talc production in this country was in- 
dustrially distributed as follows: paper 38 
per cent, paint 23 per tent, prepared roofing 
18 per cent, rubber 9.5 per cent, textiles 4 
per cent, toilet powder 2.5 pẹ cent, othgr 
uses 5 per cent. 
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~ The other, uses for which ground talc is 
adapted are: as a filler in soap; in foundry 
e {€cings; in wire- insulating compounds; in 
dry lubricants; as a filler in cotton textiles; 

in the dressine and manufacture of leather; 

as a cleaning and polishing agent for rice, 
peas , coffee beans, peanuts, etc.9 in making 
cdlored crayons; as a filler in windowshade 
‘cloth; as a dusting agent in making candy, 
chewing gum, etg ; and as an ingredient of 
concrete, plastics and insecticides. 

Since 1921 there has been a marked in- 
crease in its use 1n the ceramic industry. 
Fourteen theusand more tons of talc and 
related materials were sold in 1937 than in 


1936 and about 10,000 tons of this increased: 


amount went to the ceramic industry where 
æ talc is chiefly used as constituent of glazed 
wall tile. 


* 
REVIEW OF LITERATURE ON THE EFFECTS OF 
TASC DUST 


° Experimental Studies. During the last 
ten years a certain amount of experimental 
work with talc dust has been reported, but 
on reviewing this literature most of the in- 
halation experiments are found to Maye 
been of insufficient duration to be helpful 
in regard to the probable effect of long con- 
pued industrial exposure. 


In 1931, Haynes"? included talc in a series of 
dusts studied for their reactions on guinea pigs. 
Twelve pigs were dusted €wo hours daily, except 
Sunday, for a fortnight. The author saw no 
sign. of "pulmonary damage, but found that 
bronchial anddymphatic removal'bccursed un- 
usually *briskly. He concludes that the sub- 
stances dissolved ffam talc are of a low degree 
of toxicity But sufficiently obnoxious to neigh- * 
boring tissues t6 cause the removal of cells 
containing them. 

Stitber,” in 1934,*studying the cellular re- 
sponse, of lymph nodes to various dust sus- 
pensions introduced into the lymphatics, found 
that talc caused*no apparent cellular prolifera- 
tion within the lymph nodes after five days. 
S After 108 days the node were still formal and 

e showed no increase in connective tissue. 

Fossel? in 1935, reported experiments in 
wich guinea pigs were exposed to the inhala- 
tion of talc fqf one hour daily over a period of 


mh 


eight weeks. No significant tissue changes were 


seen. A 
à 7 


Bethune,? in 1935, was able to produce ia d 


adhesions in cats and dogs by blowing commer- 


cial talc into the pleural cavity. Miller and *' 


Sayers, quoted below, found that adhesions e 
were produced by injecting various dusts into 
the peritoneal cavity, but that such adhesions 
were not related to the subsequent behavior of 
the dust, 

Fienberg,’ in 1937, having observed granulo- 
mas from the surgical use of talc, experimented 
with the injection of this qibstance in mice and 
obtained subcutaneous granulomas in these 
animals. 

Miller and Sayers,” in 1936, reported studies 
in which talc was included among the dusts 
whose intraperitoneal reaction in guinea pigs 
was studied. They found that it produced an 
"inert reaction." That is to say, the injected 
dust was not absorbed; neither did it initiate a 
cellular proliferation. In interpreting the signifi- 
cance of "inert reactions" the authors conclude 
that such dusts should be considered as poten- 
tially harmful. 

* Gardner,’ summarizing experimental work on 
silicate dusts at the Saranac Laboratoryesaid, 
at the Fourth Saranac Laboratory Symposium 
on Silicgsis (1939), “a few silicates like true 
talc... and some of the clay minerals have 
provoked chronic inflammation (of the lungs) 
but this reaction has tended to retrogress after 
sevesal months. No progression to a stage of 
true fibrosis has been observed within periods 
of one to two years and there is no indication 
that the progression will occur.” 

Policard,?* in 1939, reported an experiment in 
which he dusted white rats with foliated, in- 
dustrial talc three hours a day for twelve days. 
The intensity of the exposure was high. He 
found that the dust was irritating to the upper 
respiratory tract and produced a marked dysp- 
nea. In the lungs of animals sacrificed two and 
six days after inhalation began, he found dilata- 
tion of bronchi, acute emphysema, and exuda- , 
tive alveolitis. Many animals died spontane- 
ously with pulmonary congestion and foci of 
bronchopneumonia. The short duration of the 
experiments did not permit any conclusion con- 
cerning the possibility of pulmonary fibrosis. 

McCormick and Ramsey, in 1941, reported 
postoperative, peritoneal granulomatous in- 
flammation caused by talc in 2 cases. \ 

Schulz and Williams,” in 9942, injected intra- 


P Je 


Se 
E ^ EN 


VoL. 490. I 
. ê 
peritoneally in guinea pigs a series of seven 
AN tales with different silicate-carbo- 

ate ratios. Animals were sacrificed at intervals 
rangeng from ten dayseto fifteen months. In all 
'.cases, the pathological histology .showed the 
e holding of talc particles in a local area by phago- 
cytic cells of the macrophage and giant cell 
type. Progressive fibrosis was not found. The 
fibrosis which occurred was only enough to hold 
and limit the space for storing the forgign ma- 
terial. The greatest amount of fibrous tissue 
developed in the presence of the two talcs which 
contained the least carbonate and the most talc 
and tremolite respectively. 


Clinical Reports. Talc fibrosis as an oc- 
" cupational disease has received attentign in 
this country only within the past ten years, 
and until the studies of Dreessen and 
Dalla Valle, discussed later, extremely few 
talc workers had been studied anywhere.* 


Policard?! says that it was in 1896 that the 
question of the action of industrial talc dust on 
the human lung was first considered. At that 
time a pathologist of Nuremberg, Thorel, pubs 
lished. the results of the pathological examina- 
tion of the lung of a tuberculoys woman patient 
of forty-four years, who had worked for many 
years in soapstone dust. According to Policard, 
Thorel demonstrated the presence of cells con- 
taining soapstone dust in the cavity and walls 
of certain alveoli and the existence of forma- 
tions, more or less nodular, resulting from' the 
accumulation of cells filled with talc. Other 
nodular formations of a tuberculous nature were 
present, and Thorel pointed out a combination 
of tuberculous and pneumoconiotic lesions. 

In 1915, according to Policard,? Hayburst 
stated that work in talc dust favored and exag- 
gerated tuberculosis, but the basis for this 
opinion is not known. 

Zanelli, in 1931, quoted by Teleky,” came to 
the conclusion thát talc dust, though belonging 
to the family of silicates, ought to be considered 

*dangerous and likely to produce typical pneu- 
moconiotic lesions. 

Merewether! in 1933, reported the cases of 11 
rubber tire workers, exposed from ten to thirty- 
two years to French chalk, a fine granular 


* Since this report was written, Porro, F. W., Patton, J. R. 
and Hobbs, A. A., Jr. (Pneumoconiosis in the talc industry. Am. 
J. RogzszGENOoL. & Rap. THERAPY, April, 1942, 47, $07-524) 
have described pneumoconiosis in 15 tremolite tale workers with 
a fatal termination in five. 9 
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variety of talc dust, who showed. bw inter- 


.stitial fibrosis by roentgen examination without 


clinical evidence of anything more than a perg, 
bronchial increase in fibrous tissue. Thirteen 


additional workers, with exposures of from four , 


and one-half months to forty-eight years, were 
examined and reported upon the following year! 
confirming the original findings» 

In 1933 a report was made by Dreessen? of 


examinations of a number of workers in silicate 


dusts, including 57 men expqsed to tremolite, a 
hydrous calcium magnesium silicate containing 
no free silica. . 

The findings in this group were as follows: 
more fibrosis than wsual 67 per cent, first stage 
pneumoconiosis 26 per cent, second stage 
pneumoconiosis 2 per cent, normal ie § per 
cent. 

Dreessen described the first stage pneumo- 
coniosis as similar to that produced hy cement 
dust; "softer" than that resulting from silica 
dust, a “diffuse, fine, generalized fibrosis... 
chiefly confined to the lower two-thirds of the 
lung figlds." 

In 1935 the same author, together with* 
DallaValle,* reported on the effect of exposure 
to dust in two Georgia talc mills and mines. 
The dust involved was, again, a calcium .mag- 
nesiem silicate containing no free silica. It was 
present in excessive amounts, over one and one- 
half billion particles per cubic foot in some 
operations, the particle size averaging less than 


I micron. Sixty-six workers were examines? 


Among these, 22 (33 peg cent) showed pneumo- 
coniosis, 8 in stages two or three. The conclusion 
was reached that expesure to talc «lust was 
either “too severe" in the Georgia study, or that 
this talc was a more dangerous dust tHan that 
previously st@died. No particular relationship 
between talc exposure and tuBerculo8is was 
demonstrated. 
* Middleton," in 1936, eed to*an unpub- 
lished case of Cunningham's in“which pneumo- 
coniosis was found in a talc grinder who had 
been employed for nine years. He also men- 
tioned an autopsy by Sand in 1910 on a Woman 
exposed to tale dust in which “not much re- 
action" was found. : d 

In 1938, Nuck and Szczepanski! reviewed 
the literature on talc fibrosis and added several 
cases of their own. They concluded that this 


type of pneumoconiosis resembled asbestosis | 


more than silicosis. &. - s 
At the International Conferend on Silicosis 
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. at Geneva in 1938,” Riddell reported the results 
of the examination of 37 workers engaged in 
winding talc ore. Thirteen showed fibrosis re- 
sembling silicosis. 

Gardner on the same occasion? said that of 
300 films of talc workers which he had examined 
about 5o showed some evidence of pulmonary 
reaction which in 17 suggested nodulation. 


From a survey of the literature it appears 
that while experimental stwdies have 
hitherto been incenclusive, clinical studies 
have tended to indicate that talc dust is 
capable of producing i injurions pulmonary 
changes. . e 


COMPENSATION CLAIMS FOR DISABILITY DUE 
TO TALC DUST IN NEW YORK STATE 


The cases which originally drew the at- 
tention ®f the Division of Industrial Hy- 
giene to disability resulting from exposure 
to talc dust are summarized below. Six 
such cases have occurred during the past 
'few years. One originated in the manu- 
facture of talcum powder; one in the shoe 
industry, and 4 of them in talc mining and 
milling. In one case (Case v) there had 
been significant previous expósure to flus 
probably containing free silica. Five of the 
6 cases were fatal. In 5 cases, summaries are 
qvailable as follows: 


Case 1. Aged sixty-three. The TR had 
worked for twelve years operating a talcum 
powder mixing mæchise not provided with 
exhaust ventilation for dust control. The talc 
used was found by the Division of Industrial 
Hygiene to contain less than o% perecent of 
free silita. Thé dust concentrations at this work 


ranged from 13.9"te 34.8 million particles per 
e 


cubic foot." 

For three or four years before quitting the 
job, the claimant had complained of cough 
with expectoration, Examination of the lungs 
showed moist rales at the bases. The vital 
capacity was 2,500 (normal estimated as 4,000). 

Roentgen exathination of the lungs showed an 
increase of bronchial markings in the lower and 
middle fields with ageag of increased density re- 
sembling lipiodol or calcific deposits in both 
midlung fields. 

e A diagnosig was made,in hospital of emphy- 
sema and chfonic bronchitis with acute exacer- 


bation. 
& 
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CASE ry, Aged forty-four. For twenty-t 
years the claimant had worked as a “bed last: 
in a shoe factory. White.shoes were manuf 
tured during about five months of the yeas a 
at these times he used talc freely, dusting it 
the shoes to prevent soiling of the white leatt 
The powder used was analyzed by the Divis 
of Industrial Hygiene and found to contain 
free silica. 

For seven years before quitting work he ce 
plained of cough, dyspnea and increasing we 
ness. His condition finally necessitated hospi 
treatment. 

Physical examination showed the presence 
dyspnea, cyanosis and clubbing of the fing: 
Examination of the lungs revealed dullness 


 botlesides with diminished fremitus and bre: 


sounds. 

Roentgen examination of the chest shov 
marked, confluent, hazy mottling with nodu 
densities uniformly distributed. The right v 
tricle was hypertrophied (cor pulmonale). 

The diagnosis was chronic pulmonary fibre 
and emphysema. The case terminated fate 
nine months after admission to the hospital 
* Case 1. Aged forty-nine. The claimant I 
worked as a talc miner for fifteen yeare w 
eight months’ exposure in other mines ten ye 
previoug to his talc exposure. His illness beg 
five years before death with shortness of bre: 
and a productive cough. He quit work t 
years after the onset of symptoms because 
increasing weakness, and was admitted tc 
sanatorium. 

Physical examination showed an emacia 
individual who looked chronically ill. The v 
capacity was 1,800 (normal estimated as 3,0¢ 
The lungs showed dullness over the mid 
thirds, rales above second rib anteriorly, : 
posteriorly. throughout. Five specimens 
sputum were negative for the tubercle bacill 
The temperature was normal. 

Roentgen examination showed extensive, 
lateral fibrosis with infection, probably tuber 
lous, and this was the diagnosis. 

Case 1v. Aged thirty-seven. For twenty- 
years the claimant had worked in talc mines 
mucker, driller and foreman. For two ye 
before quitting work he had noticed cou 
shortness of breath and pain in chest. He ^ 
easily fatigued. These symptoms caused | 
to enter a hospital for treatment. 

Physical examination revealed no lung 
normalties but showed c@rdiac hypertrop 
hypertension and evidence of nephrosis. 
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Roentgen examination of the chest showed 


hi ** fine Nodulation through both lung fields below 


c 
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the fifth posterior rib, more markdl in the 
centyil lung field, an increase in hilum shadows 
and cardiac hypertrophy. 

The clinical diagnosis was early silicosis with 
probable infection, hypertensive disease and 
severe nephrosis. 

The case terminated fatally. 

Case v. Aged fifty-two. The claimant had 
worked in talc mines for seventeen veait with a 
previous exposure of ten years in zint and iron 
mines. Illness began six years before death with 
cough and dyspnea. Following the initial symp- 
toms he developed pain in chest and hemoptysis 
and sought hospital treatment. 

Physical examination showed an emacigted 
individual, appearing chronically ill. The fingers 
were slightly clubbed. The chest expansion was 
limited. Examination of the lungs showed dull- 
ness on the right below the seventh spine with 
rales and diminished breath sounds. The sputum 
was positive. 

Roentgen examination showed a fine miliary 
type of increased density on the left, a mass of 
increased density in the right middle lung field 
with evidence of excavation, and heavy fibrosis 
at the right base. . 

The clinical diagnosis was probable silicosis, 
complicated by tuberculosis. " 

Death occurred twenty-one months after ad- 
mission to the hospital. 


REPORT OF A STUDY OF TALC MINERS AND 
MILLERS IN ST. LAWRENCE 
COUNTY, NEW YORK 


Scope of Study. In the course of this in- 
vestigation studies of operations and dust 
concentrations were made by engineers 
of the Division of Industrial Hygiene in 
three tale mines and five tale mills. Two 
hundred and twenty-one men from seven 
plants received an initial roentgen examina- 
tion. In the case of 28 of these individuals, 
who showed positive lung findings, a follow- 
up examination was made at the end of ten 
months which included a second roentgeno- 
gram, a medical history and physical ex- 
amination of the chest, and a detailed oc- 
cupational history. 

The roentgen examinations were made 
with a 200 milliampere machine mounted 
on a truck belonging to the Division of In- 
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dustrial Hygiene." Patterson high speed 
PE e -— 


screens were used, and exposures were made 


at a 60 inch distance and with an exposurg, * 


time of one-tenth of a second. 

Type of Tale Involved. The type of talc 
produced in St. Lawrence County is of the 
fibrous vargety known as asbestine. It is 
noted for its clear whiteness® and is used 
chiefly as an ingredient in the manufacture 
of paint and tile. With it is found tremolite 

calcium magnesium licate (CaMg;- 
(510;),)—a similar appearing mineral oc- 
curring in a fibrous or asbestiform state 
which in the course of time changes over to 
talc. Gardner? reports that anthophyllite, 
another fibrous silicate, is also present in 
the talc depositsof the St. Lawrence Coun ty 
region. 

Analysis of representative samples of talc 
from two of the mines in the region, sub- 
mitted by one of the mining companies, 
shows the following confposition: 


Sample A Sample B 


Analysis 


Total silica* 68.24 57 50 
Calcium oxide 3,99 p.93 
Aluminum oxide — 24 
leonexxide j = 17 
Manganese oxide — . 16 
Carbon dioxide -— .38 
Magnesium oxide da 451 30.20 
Calcium carbonate 0.23 —. 9 
Sulfur trioxide trace - 
Ignition loss UE T. A 
- 99°35 %o .O$ 


Free silica content. The free silita con- 
tent ofecomfhercial talc as found in indus- 
trial use is very low. Schulz ahd Witliams?! 
geport that of 51 samples analyzed quartz 
was not found in 25; traces of quartz only 
were present in 25; while one sample showed 
a quartz concentration of 3 per cent. The 
free silica content of the talc in the mills and 
mines included in this study was likewise 
found to be low. Six s&mples from two talc 
mines, taken and analyzed by chemists of 
the Divisien of Industrial Hygiene, showed 
I per cent or less of free silica. Two of these 
samples were taken from long standing 
accumulations of waste rock; two wege 


LJ 
* [ncludes both free and combined silica. 
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from recent three- and four-dav-run waste 
accumulations: ard two were from collec- 
e tions of rock destined for the milfs. Six 
samples of ground talc from several mills 
were also analvzed and in each case the 
silica content was found to be less than 1 
per cent. Dreessen? also reported little qr 
no free silica in the composition of the talc 
in this region. 
Gardner,’ on 


the other hand, found 


Fic. 2. Trenfolite talc. Note straight ' 
needle-like fib@s. (Magnification eo 
2,500 X.) | 


Fic. 1. Tremolite talc. Note bundle-like 
arrangement of fibers. (Magnifica- 
tion 2,500 X.1 inch =10 microns.) 


amounts of quartz ranging from 12 to 20 
per cent in mineral samples from two mines 
in this area. It is difficult to explain the 
marked difference between Gardner's find- 
ings and those of Dreessen? and ourselves, 
except upon thesupposition that Gardner's 
samples included some of the quartz-bear- 
ing stratum overlying the tale deposit 
proper. That such high percentages are not 
representative, however, is shown bv the 








Asbestos. Note curving 


PiG. 4. 
tendril-like fibers. (Magnification 
2,500 X.) 


fact that material from the mills where all 
rock is mixed and crushed showed low 


quartz percentages both in  Gardner’s 
studies and our own. " 
Migroscopic | appearance. | Photomicro- 


graphs of talc dust from, St. Lawrence 
County show that it tends to occur in ob- 
long or squarish particles made up of paral- 
lel fibers (Fig. 1) which splinter off into 
sharp spicules (Fig. 2). Its microscopic ap- 
pearance differs from that of asbestos ( Fig. 
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3) 1n that asbestos fibers tend to be curved 
and tendril-like in forme whereas those of 
talc appear straighter and needle-like in 
structure. Tremolite talc fibers are also 
much shorter than those of asbestos. In this 
study their maximum length was approxi- 
rgatglv 15 microns. Asbestos fibers, on the 
other hand, may attain a macroscopic 
length. In interesting contrast to both tre- 
molite talc and asbestos are the flake-like 
particles of mica dust (Fig. 4), anothe 
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Fic. 4. Mica. Typigal mica particles, 
showing the very thin plate- 


like structure. (Magnification 


2,500 X.) 
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«œ magnesium silicate, and the granular par- 


ticles of granite dust (Fig. 5), a combina- 


* e&ion essentially of quartz and feldspar. 


Description of the Industry 
Tale Mining 


Mining operations. Talc oreeis obtained 
ley underground mining. Inclined shafts are 
used with headings to various depths down 





`a - 
to about 1,100 feet. The talc occurs in com- 
pact, homogeneous stams, so that contact 
with hard rock is,limited to that incurred 
on entering a seam. Once a seam is entered 
there is no exposure to anything but talc 
until it becomes necesfSary to enter another 
seam. Since ams may be worked for years, 
the amount of drilling in hard rock is very 
small compared with the amount of drilling 
in talc. ° 

The headings are mined by drift drilling, 
blasting, and hand or machine mucking. 
Raising and stoping are resorted to, to 
obtain the ore from pockets. All drilling 
is done dry since every precaution must 
be taken to avoid wet ore which cannot be 
milled and is wasted? Drilling crews of one 
or two men are used, the drillers doing their 
gwn blasting. The ore is then mucked as it is 
required by the mills. It is loaded into 
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muck cats and pushed along the haul 
ways to the shaft where it is dumped 
skip, hoisted to the surface, and dumped 
into railroad cars or trucks for shipment to 
the mills. Each mine employs fifteen to 
seventeen men underground. " 

Dust exposure in tale mining operations. 
The problem of the best method of control 


of the dust in tale mines is one which is re- 
& 


Fic. 5. Granite. Shows lack of form 
usually found in silicate and silica 
particles. (Magnification 2,500 X.) 


ceiving the attention of the Division of In- 
dustrial Hygiene at the present time. Verv 
little dust control was found in the three 
mines studied. Some attempts had been 
made to remove the dust during drift 
drilling by means of small, home-made, 
portable units, but relatively few of these 
were in actual use during drilling operations. 


The drillers wore respirators. 


Twenty-two dust samples were taken 
with a midget impinger at various opera- 
tions and situations. These were countede 
within ten hours of the time of sampling 
by means of the low power, light field tech- 
nique, and gave the results shown in Tablet. 

The dust counts where no exhaust device 
was used gave average dust concentrations 
as follows: for drilling 1,350, for stoping 
1,290, for mucking 35, and in the general 
air, 17 million particl& per cubic foot. 





Militng operations. The milling processes 
in all five mills were found to be essentially 
alike. The ore is shipptd to the mills in rail- 
goad cars or trucks and is dumped into 
chutes leading to a jaw crusher. From the 
Jaw crusher the talc, in most mills, passes 
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DUST  URCENIRASIUNE IN TALC MINES 
ee 
Dust 
Count 
(million 
particles 
per cubic 
foot) 


Opera- 


i Remarks 
tion ; 


A 200 "Upstream" of drill. Rate 
2! per minute 


300 "Downstream" of drill 
"LE NE 


Drilling 


haust 


110 Same as above. Breathing 


level of helper = 


Exhaust off 

Exhaust eff. Breathing level 
of helper "downstream" 

Exhaust of dust colfector . 

Same as above; 3 minutes 
after drilling stopped 

General air stream 


e 600 
2700 


§000 
1500 


150 
s 
“Upstream” air movement 
so’ per minute 
Same as above. Air turbu- 
lent 


| 265 


Dead end drift 

Just off main airway 

Main airway 

Breathing level driller, top 
of open stope 


300 
16 


IOO 


Stoping 4000 -Dead end stope. No air 

A movement 

Top of dead end raise 

Mucking A Bottom of stope, drilling at 
top 

Same as above 

6 Top of pile, mucking only 

operation 


* Downstream" of mucker 
Same as above 
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upstream." Using ex-: 
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DUST CONCENTRATIONS IN TALC MILLS 
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Dust _ Average 
Counts Dust Con- 
(million centration 
Operation Mill particles (million X 
á per e particles” 
cubic per cubic * 
foot) foot) 
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Crushing-jaw crusher 1 2* 
l 2 “is 
3 16.5 46 . 
Crushing-disc or *1 35. j 
roler crushing . 2 79 50 
Pebble milling I 32 
46 
2 106 61 
e 
Bagging—paper I 141 
2 190 
4  . 660 163 
. 
Bagging—burlap I 120 
73.5 
5 87.5 93 . 
General air cylinder 1 48 
reom 3. 85 i 
4 78 | 
5 77 72: 
Separator room 4 58 
$e. 67.5 62 
Manual handling le 


througle disc*or all crushers, | or both, be- 
fore entering rotary or trommel screens. 
After passing the screens,*the talg is stored 
in garners before the final milpng operation 
which takes place in pebble mills. The final 
separation of the finely ground talc is ac- 
complished with air separators, from which 
the material passes to garners which feed 
bagging machines. 

The bagging machines utilize open top 
bags, or satks, which, fit loosely onto the 
discharge spout of the machines. Hand 
scoops are used to add or remove talc from 
the bags to obtain accurate weight. The 
greater percentage of material is bagged in 
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— $5olb. paper bags, while some is shipped in 


larger burfap bags. The operators of the 


” esbagging machines stack the filled bags on 


hand trucks and wheel the loaded trucks 


= Tase III 


LÀ 
@ IBROSIS IN TAS. C WORKERS, BY LENGTH OF EXPOSURE 


Cases of Fibrosis 


Aue 








Years Workers Total Expo- 
Exposed p. nine d Num- Fibrosis sure 
ber Cases Group 
I e percent per,cent 
5 82 — — — 
5- 9 32 ve — er 
10-14 47 8 25.0 17.0 
15-19 33 13 40.6 39.4 
20-249 IO 2 6.3 20.0 
25-29 9 3 9.4. 33-3 
30-39 6 5 . 15.6 83.3 
40749 Poux de — — 
50-59 I I 3.1 100.0 
Totals | 221 32 100.0 [4.5 


into railroad cars or automobile trucks, fer 
shipment, or into the warehouse for storage. 
. Dust exposure in talc milling operations. 
«Dust control in the various mills is confined 
chiefly to the bagging machines and pebble 
mills. Some control îs also used in several 
mills atthe crushers,and material transfer 
points. Dust samples were taken through- 
out the mills using the technique already 
described. Fhe samples were*takea at the 
breatifing level of the workmen in locations 
where men are usually stationed. 

* " 

Table 11 shows the concentrations found 
at various points throughout the mills. 
Manual handling of the talc produces con- 
centrations in excess of those found at 
other operations but, fortunately, there is 


little manual handling during normal pro- 


cedure. 

The dustiest operation, other than man- 
ual handling, is that of paper bagging where 
the average dust concentration for three 
wills was found to be 163 million particles 
per cubic foot. — 
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Roentgen Findings 
Fibresis 
Incidence. In recogding pulmonaryefibro- 

sis among talc workers, those with slight or. 
even moderate degrees of fibrosis were dise 
regarded, and only those cases included in 
which a marked degree of this condition 
was present. 

Upen the initial roentgen survey 1n 1940 
fibrosis was found in* 32 of the 221 men 
examined, giving a rate of 14.5 per cent. 
The distribution of these cases according 
to length of exposure is shown in Table 11. 

It will be seen that no cases occurred in 
workers with less than ten years' exposure. 
The 32 cases of fibrosis were all found 
among the 107 men who had worked in talc 
for ten years or longer, giving an incidence 
rate for this group with ten years or more of 
employment of 29.9 per cent. Of the 8 men 
who had worked thirty.or more years in 
talc, 6 showed fibrosis (74 per cent). - 

e To make clear the fact that talc is a 

fibrosis-producing dust the distribuéion of 
cases of fibrosss, according to age, in talc 
workeys and in a group of carpet factory 
workers previously examined by the 
authors, is shown in Table rv. | | 

Fibrosis. was present in only 2:5 per cent 

of ‘all carpet workers, and in 4.9 per cent 


Tase IV 


FIBROSIS IN TALC AND CARPET WORKERS, BY AGE 


Talc Workers Carpet Workers 


Num- With fibrosis Num- With fibrosis 





Age ber ————— —— ber 
exam- Num- Per  exam- Num- Per 
ined ber cent ined ber cent 
Less z 
than 20 4 ~ = 6 —  — 
20-29 =T =E “va 2 — — 
30-39 72. "s d 61 I 1.6 
40-49 41 7 17.0 57 1 1.7 
50-59 17 9 52.9 49 4 8.1 
60-69 I4 6 46.1 34 — — 
70-79 3 2 66.6 3 =. dps 
Totals | 221 32 14.5@ 266 6 . 2.5 
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se fifty years of age and older; while 
»resent in $1.5 per cent of talc 
workers in this age group. 

Ter? months after the original roentgen 
study, a second visit was made to the same 
Plants for follow-upexaminationsof selected 
cases. At this time occupational and medi- 
cal histories were taken and chest examina- 
tions were made. From the occupational 
histories it was possible to eliminate “those 
men who had previously been exposed to 
other types of siliceogs dust. In this way a 
group of 18 cases showing marked fibrosis 

* was defined in men who had not worked in 
any other dusty industry and whose only 
significant dust exposure, therefore, had 
been to talc. 

Signs and symptoms. Fifteen of the men 
showing fibrosis worked in the talc mills; Fic. 7. Case 198-3. Aged fifty-four. Began Work at 
3 were miners. The proportion of mill age of fifteen. Farmer sixteen. years; telephone 
workers to miners in the entire group, how- mere ages years; baie p SPERM quare 

; omplains of productive c@ugh and dyspnea. 

ever, Was approximately 2.3 to 1, showing Physical examination: Chest expansion 1 inch. 
that fibrosis was relatively more prevalent Nails curved. Roentgen examination: Shows en- 
largement of the hilar nodes, and exaggerated 
linear markings at the right base. There is also a 
fine, generalized, diffuse fibrosis having a granular 
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among millers than miners. With one ex- 

ception, the men with fibrosis were all forty 

vears of age or older and had been exposed 9 

to talc dust, as noted akove, for at least ten 

vears. 

Thirteen of the 18 hael ofe or moresymp- 
toms referable to the lungs. Ten com- 
plained of dvspnea; 7 pf chronic cough and 
3 of pairf in the chest. In additfon, 5 com- 
plained of excessive fatigue.e 

eOn physical examination, all 1% showed 
limited chest expansion. Thitéeen showed 
abnormal lung signs and 13 showed curving 
of the nails or clubbed fingers. In one case 
cardiac hypertrophy was observed, and in 

Bus li; Came abs ail Hod Peale Bug online one auricular fibrillation. - 

e at age of fifteen. Woolen mill six years; talc mill The general appearance of the group 
worker twenty-five years. Complains of cough, struck the examiners as being distinctly dit- 
shortness of breath, pain in chest, fatigue. Physical ferent from *the appeasrarce of the usual 
examination: Chest expansion l$ inch, respiration group of first and second stage silicotics 
Sv breath nds dina. Clubbing of HEM. Who arestill able to work. The latter usually 
fibrosis on a diffusely hazy background. The hilar present a robust appearance. A substantial* 
nodes are thickened. number of individuals in such a group are 
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hic. 8. Case 197-38. Aged fifty-five. Began working 
at ageof fourteen. Talc mill laborer and foreman 
forty-one years. Complains of fatigue. Physical 
examination: Chest expansion 12 inches; clubbing 
of fingers. Roentgen examination: ~ marked 
elevation of righf diaphragm with obliteration 
of the costophrenic sulcus. On the left laf of the 
diaphragm is a deposit of opaque material. Both 
lungs show a fine, granular fibrosis. 


likely to be overweight. This was not the 
tase with the talc workers who sowed 
fibrosis. None of them was overweight, but 
on the contrary they tended to present an 
undernourished and drawn appearance. It 
was the impression pf the examiners, also, 
that dyspnea was unusually pronounced in 
relatio to the extene of the fibrosis seen in 
the roentgenograms. 

Roentgenogi aphic characteristics. The ty pe 
of fibrosis $ Seen in these roentgendvrams is 
very fine and diffuse, showing in many 

cases an appeafance of soft haziness t 
which the team "ground glass,” used in de- 
scribing certain cases of asbestosis, can 
very well be applied. This is illustrated in 
Figures 6, 7, and 8. In a number of cases 
there is in addition a distinctly granular 
appearance (Fig. 7), and in some nodula- 
tion (Fig. g and 10) which might be con- 
fused with silicesise In certat. films soft 
conglomerations also occur (Fig. 9 and 11). 

The fibrosis in these cases tends to be 
*somewhat’ more marked on the right side, 
and in the mid-lung fields and bases as seen 
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in Figures 7 and g. The hilar nodes sl a 
slight or moderate increase in denswf. Evi- 
dence of obliterative pleuritis and emphy- 
sema is also present $n some cases. Irfa few 


instances (Fig. 7 and 11) a blurring or 
"shagginess" of the cardiac outline is 
noticeable. 


Tuberculosis. In the total in of 221 
talc workers there were 29 (13.1 per cent) 
cases of primary healed tuberculosis: 6 (2.4 
per cent) cases of healed reinfection type 
tuberculosis and 5$ @2.2 per cent) cases 
which were considered, on the basis of the 
roentgen appearances alone, to show clini- 
cally significant tuberculosis. 

The incidence of healed primary and re- 
infection type lesions is not remarkable in 
any way, being similar to that found, in 
general, in other industrial groups. The 
incidence of clinically significant tubercu- 





Case 196-3. Aged sixty-eight. Began working 
96-3. Ag y-elg g g 


FIG. 9. 
at age of sixteen. Farmer twenty-three years; car- 
penter six months; tale mill laborer and repair man 
twenty-nine years. Complains of dyspnea. Physic® 
examination: Chest expansion 14 inches, respira- 


tion 24, rales both bases. Roentgen examination: 
Shows a diffuse, finely nodular fibrosis throughout 
both lungs. There is emphysema at the left base. 
There is apparent thickening of the pleura at the 
right base with several horizontal shadows in this 
region. There is also an area of increased density 
extending from the second to the third interspace 
on the right, and shadows qt both apices suggesting 
possible reinfection tuberculosis. 
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nup: per cent) is slightly highey than is 
found temost industrial groups, the average 
rate found for this condition being about 

.2 pér cent. Among the 5 individuals with 
clinically significant tuberculosis 3, be- 
tween the ages of thirty and fifty, showed 
minimal lesions; one, forty-five years of age, 
showed moderately advanced lesions and 
one, sixty-four years of age, showed. what 
was interpreted to befar advanced atypical 
tuberculosis. Among "the 18 cases of fibrosis 
in men exposed onlw to talc clinically sig- 
nificant tuberculosis appeared to be a com- 
plicating feature in 3 cases (16.6 per cent). 

Talc plaques. A most interesting finding 
in this group of talc workers interesting 
because, to these investigators, it was new 
— was the presence In 14 Instances (6.3 
per cent of the 221 talc workers originally 
roentgenographed) of what appeared to be 
deposits of opaque material on various 
pleural surfaces. These deposits, or plaques, 
are seen on the visceral pleura, including 


the region of the diaphragm, and occasion-* 





Fic. 10. Case 197-8. Aged forty-nine. Began working 
at age of fourteen. Talc mill laborer thirty-five 
years. Complains of dyspnea, pain in chest, fatigue. 
Physical examination: Chest expansion 11 inches. 
Nails curved. Roentgen examination: Shows diffuse 
finely nodular fibrosigw ith soft shadows suggesting 
bilateral, clinically significant, apical tuberculosis. 
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Fic. 11. Case 201-10. Aged forty-nine. Began work- 
ing at age of sixteen. Farmer geven years; talc mill 
laboreg and foreman twenty-six years. Complains 
of productive cough, dyspnea and fatigue. Physical 
examination: Chest flat, expansion limited, dullness 
at apices, otherwise hyperresonant. Rales through- 
out, most marked at bases. Respiration 22; pulse 
116. Heart negative. Clubbing of fingers. Roentgen 
5 wminalion: Shows a fine, soft mottling over botlf 
lung fields, more pronounced at the bases. In ad- 
dition, in the third left interspace near the pe- 
riphery is a round homogeneous area of increased 
density about 2 cm. in diameter. 


allv the pericardium (Fig. 8, and 13 to 17). 
Lateral and oblique eviews indicaée that 
their location is definitely at the periphery 
of the lung, not involying the parenchyma 
(Fig. 17). ei 
In size the plaques vary, from a single, 

lynear-appearing deposit f a few centi- 
meters in length in the cies of the dia- 
phragm (Fig. 8 and 12) to massive deposits 
bizarre in shape, extending over a large part 
of the lung fields (Fig. 14, 15, 16 and 17). 
They are characterized not only by irregu- 
larity of shape, but by marked irregularities 
in degree of density also, and by the sharp- 
ness of their borders. kn this series of films 
the development of these plaques can be 
traced from small, light, scarcely noticeable 
deposits to the extensive opacities de® 
scribed. 
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FiG. 12. Case 200-20. Aged sixty-three. Began work- 
ing at age sixteene Fireman three years; farmer 
eight years; talc mill laborer and repairman 
thirty-nine years. Complains of dyspnea and 
fatigue. Physical examination: Lungs hyperreso- 
nant. Heart slightly enlarged to left, rate irregular. 
Clubbing of fingers. Roentgen examination: Shows 
deposits of opaque material on the left diaphrag- 
matic dome; marked emphysema at the left bmse. 
Both lungs show diffuse, granular fibrosis with ir- 
regular patchy shadows at right base and left mid- 
lung field. 


It should be noted, that roentgen appear- 
ances similar to the plaques herein de- 
scribedewere apfarentlv seen in Case 1 
where mention is made of areas of increased 
density resembling lipiodol or calcific de- 
positsin midjlung fields. Similar app@arances 
have also been noted in another group of 
workers who were exposed to talc dust im 
the making oématerial for electrical insula- 
tion. 

So far as can be ascertained, these de- 
posits bear no relation to any history of 
previous infection since they occur both 
with and without such a historv. Nor are 
they necessarily associated with other pul- 
monary pathology. el'he undetlving lung 
tissue may or may not show fibrosis. There 
Is no associated enlargement of the hilar 
fodes in cases showing plaques without 
fibrosis. 
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An analysis of the group of 14 \elc 
workers who showed these deposits re€ealed 
the following facts: Their ages ranged from 
thirty-five to severfty-seven years? and 
their exposure in the talc industry from four, 
to fifty-two years. Ten were mill workers; 4 
were miners. Only one individual gave a 
history of having had pleurisy. None had 
had empyema. In § instances no lung path- 
ology other than the plaques was noted. A 
marked ‘degree of fibrosis coexisted in 7 
cases. Evidence of @linically significant 
tuberculosis was seen in one case and of 
primary healed tuberculosis in another case. 

No symptoms or physical signs attribut- 
able to these deposits could be identified, 





FiG. 13. Case 201-5. Aged fifty. Began working at 
age of fifteen. Farmer seventeen years; repairman 
in tale mill eighteen years. Complains of cough. 
Physical examination: Lungs show diminished 
breath sounds throughout, especially on right® 
Heart: systolic murmur at apex. Pulse 120. Club- 
bing of fingers. Roentgen examination: Shows a soft, 
diffuse, very finely nodular fibrosis throughout 
both lungs. In addition, there are irregular, sharply 
defined deposits of opaque material in both middle 
and lower lung fields. (Lateral and oblique views 
show that these plaques are located near the 
periphery.) There are similar deposits on both 
diaphragms and in the region of the right spinal 
gutter. 
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dido d group studied symptoms and 
signs OMy occurred in those individyals in 
whom there was other lung pathology. Ap- 
parenfly the plaques fhemselves and the 
process responsible for producing them are 
symptomless. 


DISCUSSION 


Fibrosis. The type of fibrosis found in this 
study was charactegzed, as already de- 
scribed, by a soft haziness and a finely 
granular or nodular aepearance tending to 
be more marked in the mid-lung fields and 
bases. Dreessen? apparently found a condi- 
tion somewhat similar to this in his study 
of tremolite talc workers in the same geo- 
graphical area. However, the fibrosis here 
reported was more severe than that found 





Kic. 14. Case 196-16. Aged fifty-two. Began working 
at age of fifteen. Farmer twelve years; worked on 
railroad four years; talc mill worker thirty-one 
years. No complaints. PAysical examination: Chest 
expansion 1? inches, breath sounds distant. Nails 
Curved. Roentgen examination: Shows what ap- 
pears to be an extensive, irregular, sharply defined 
deposit of opaque material in the left lung field. 
Stereoscopic view shows that this deposit is at the 
periphery, probably on the visceral pleura, and 
that the lung beneath is comparatively free from 
fibrosis. The right lung shows a fine, diffuse, granu- 
lar fibrosis with shadows in the first and second 
interspaces suggestingghealed reinfection tubercu- 
losis. 
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* Fic. 15. Case 199-16. Aged sixty-three. Began work- 


ing at age of sixteen. Talc mill laborer sixteen 
years; talc miner thirty-one years. Complains of 
productive cough, night sweats, pain in chest, loss 
of eweight and appetite. PAysical examination: 
Chest flat, expansion r$ inches, lungs dull both 
apices, diminished breath sounds, nails curved. 
Roentgen examination: Shows what appears to be 
deposits of opaque material on the left diaphragm 
and pericardium; also aneextensive irregular de- 
posit on the left pleura. Stereoscopic view indicates 
that the latter is on the vesceral pleuga. Soft 
shadows indicative of moderately advanced tu- 
berculosis are present in both apices, extending to 
the third interspace on tht right and the second on 
the left. * . 
9 
bw Dreessen as indicated by the con- 
spicuous presence of clinicalesymptoms, 
such as dyspnea, pain and fatigue in these 
cases and also by the more frequent appear- 
ance of granulation and fine nodulation. It 
more closely resembled in severity the fibro- 
sis later reported by Dreessen and Dalla- 
Vallet among Georgia talc millers and 
miners. Here'the talc was adso of the tremo- 
lite variety. Analyses also failed to show 
the presence of free silica. These authors 
reported 8 cases with symptoms of dyspnea, 
cough and pain, abnormal chest signs, 
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but ina&much as the free silica congént of 
the twelve samples of mineral ffom talc / 
mills and mines analyzed in the present  -. 
study was found to be practically negligible 
(less than 1 per cent), it seems reasonable 
to suppose that the fibrosis observed in 
these cases is primarilv the result of the 
inhalation of the various silicate minerals 
present in the dust, namely talc, tremolite 
and anthophyllite. e 

Microscopic study has shown that this 
dust is largely fibrou in character, and it 
may well be that this particular phvsical 
characteristic is responsible for the pathol- .A4 
ogy of tremolite talc fibrosis. The possibil- 
itv of action analogous to that which occurs 
in asbestosis 1s suggested by several facts: 
first, the chemical and phvsical similarity 
between the minerals in this area and those 
found in asbestos; second, the fact that the 
disability 1n tremolite talc fibrosis, like that 
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hic. 16. Case 198-40. Aged sixty-four. Began work- 


ing at age of sixteen. Paper mill five years; car- 


penter six years; zinc miner three years; talc e 


miner and blacksmith twenty-one years; talc mills 
thirteen years. Complains of productive cough, 
shortness of breath, fatigue, and night sweats. 
Physical examination: Chest expansion 1B igches. 
Respiratory rate 32; pulse 112. The lungs are 
hyperresonant. There are bronchovesicular breath 
sounds with rales throughout right lung. Curved 
nails. Roentgen examination: Shows extensive areas 
of increased density which suggest irregularly 
shaped deposits of opaque material in both lung 
fields This appears tp be not exactly at the pe- 
riphery but several millimeters inside the lung 
field. There is also a rather dense accumulation of 
opaque material on the right and left leaves of the 
diaphragm, along the right pericardial*border and 
i of the aorga. The right costophrenic sulcus is 
obliterated. Thedung tissue, apart from the areas 
described, shows an increase in lung markings môre 
marked on Me right. 


clubbed fingers, and a nodular or “‘nodular- 
conglomerate” type of fibrosis. 

The occurrenceeof a type of fibrosis giv- 
ing a nodular roentgen appearance as a re- 
sult of exposure to tremolite talc dust is a 
matter of considerable interest, since nodu- 
lar fibrosis is traditionally associated only 


e With dust containing free silica. Gardner? 


attributes fibrosis in tremolite talc workers 
to the contaminating presence of free silica, 


in asbestosis, tends to be greater than one 
would expect from the severity of the lesion 
as seen on roentgenological examingtion. 





lic. 17. Same case as Figure 16. Oblique view. 
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Vor. 
Bdtause of these similarities, theeauthors 
of this paper have taken the oppogtunitv 
to compare this series of films of tremolite 
talc workers with thosf of a group of work- 
s showing earlv asbestosis.* Thev were 
impressed bv the resemblances in the roent- 
gen appearances in the two groups. The talc 
fibrosis resembled early asbestosis in its 
fineness and diffuseness, its hazy “ground 
glass" quality and, ig addition, some in the 
series of asbestosis films hoved a mottled 
or nodular appearanee similar to that seen 
in the more advanced cases of talc fibrosis. t 
Whatever the exact pathology may ulti- 
ately prove to be, the study here reported 
clearly indicates, from a practical stand- 
point, that the dust encountered in the 
tremolite talc industry is of a definitely in- 
jurious, fibrosis-producing type which re- 
quires control in order to prevent disabling 
occupational disease. Moreover, although 
the number of cases here presented is small, 
suggestive evidence has been found that ex- 
posure to tremolite talc dust 1s associated 
with increased susceptibility to tuberculo- 
SIS. 

Talc Plaques. In regard to "talc plaques,’ 
one possibility to consider is that they rep- 
resent simplv aggregations of actual talc 
dust which has remained in the periphery 
of the lung unable to be disposed of in any 
manner. This supposition makes it difficult, 


however, to account for the presence of 


these deposits in a few cases onlv, rather 
than in the majority of those exposed. 

since "talc plaques" closely resemble, i 
appearance, pleural calcifications dcus 
from traumatic pleuritis or empyema, the 
thought immediately suggests itself chat 
they are, in fact, deposits of calcium. The 
dust of tremolite tale contains calcium 
tremolite being a calcium magnesium sili- 
cate—but so also do other dusts such as 
cement and marble. Why does tremolite 
talc dust alone produce the opaque deposits 
described? 


* 'Through the courtesy of Dr. W. J. McConnell of the Metro- 
politan Life Insturance Co., New York City. 

T "Mottling" in asbestosis Ñas been described by Merewether! 
and also by Gardner and Cummings.* 
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Calcific deposits ordinarily presuppose * 
previous irritation or injury. This fact sug- 


gests that tremolite talc dust, therefore, has ™ 


some unique ability to irritate or injure 
pleural surfaces, such injury being followed 
by the deposition of readily available cal- 
cium. It is Rnown, for example, that the 
resolution of intrapleural hemorrhage is 
frequently followed by calcium deposition, 

and one is “tempted to speculate as to 
whether the needle-like patticles present in 
this dust may, by tissue penetration, cause 
multiple, minute, capillary hemorrhages 
whose resolution ealisi in the appearances 
described. 

The location of the deposits, as seen in 
lateral, oblique and stereoscopic views, ap- 
pears actually to be just beneath the pleu- 

ral surface. This suggests that thev may lie 
in the peripheral lymphatic network and 
opens up another speculative possibility. 
In this gonnection an illustrated article by 
Lommel" in Deutsche medizinische Wochen- 
schrift 1s of great interest. Discussing the 
familiar "egg shell" appearance occasion- 
allv seen in hilar nodes, he reports, in cer- 
talm» Cases of silicosis, we calcific deposits 
in the peripheral parts of the lung which, to 
judge by the illustrations, closely resemble 
‘tale plaques." His suggested explanation 
is that calcium (lime),is laid down in in- 
Hamed fibrous tissue in the congested 
lymph spaces which fofm £ networke&round 
the lobules of the lung. 

The sharply demarcated, yet irregular, 
borders bf the “tale plaques" 7 do in fact 
suggest that the deposit of opaque material 
i» definitely limited as by the outlines of 
some irregularly shaped struoeure such as 
the walls of lymphatic spaces. It is of inter- 
est in this connection that Gardner and 
Cummings,? working with asbestos, report 
well marked hv perplasia and dilatation of 
ly mphoid tissue in the periphery of the lung 
in guinea pigs which thev believe mav be 
the result of pulmonaryeirmtation. One may 
speculate as to whether tremolite talc may 
not produce a similar condition which is 
then followed by the deposition òf calcium* 
alreadv present in the dust. 
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28 William Siegal, Adelaide Ross Smith and Leonard Greenburg, Jaxvary, 1943 
- Another interesting feature of the cases 7. There was also some evidence hat 
showing talc plaques is that radiopaque ma- this fikrosis was characterized bw an in-  . 
“@ terial in these cases is not, apparentlv, de- creased susceptibilitv to tuberculosis. Clin- f 


posited in the hilar nodes. This suggests ically significant t&berculosis was *diag- 
that talc dust does not find its wav to them nosed bv roentgen examination in 3 of 1 
in large amounts. If this be true, it would cases of tremolite talc fibrosis where there 
Mdicate a similarity in this respect to as- had been no other dust exposure. 


‘bestos which, as Gardner and Cummings 8. In addition to fibrosis, deposits of un- 
have shown, tends to be held in the periph- identified opaque material in the periphery 
ery of the lungs, * of the lungs, including the region of the 

Whatever thesimilarity in effect between diaphragm aud pericardium, designated as 
asbestos and talc dust, however, one con- “talc plaques," wereeobserved in 6.3 per 


spicuous dissimilaritv is the xxn ofany cent of all tremolite talc workers examined 
change resembling “tale plaques” in the These deposits occurred independently of * 
lungs of asbestos workers. In fact, as faras other lung pathology and could not eae 
we are aware, with the single exception of identified with any particular signs or 

the German reference! given above, such symptoms. 

deposits have not heretofore been described 

in confection with any dust. PTUS Sara 


This study identified tremolite talc as a 
silicate dust capable, like asbestos, of 
I. A study of "che tremolite tale, mining causing a disabling pneumoconiosis. It re- 
and milling industry in northern New York veals distinctive pathological findings asso- 
State is reported. ° ciated with exposure to tremolite talc dust 
2. Talc in this region is of the asbestine which postulate a special etiology "for the 
variety, mingled with tremolite and antho- resulting diseqon There IS also evidence 
‘phyllite. Analyses of material from" béth that *tremolite talc fibrosis is associated 


mines and mills gave consistently a free with an increased susceptibility to tuber- 
silica content of 1 per cent or less. Micro-  culosis. 
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* scopic studies of dust showed the presence „In the light of these findings, exposure to 
of iing, straight, negdle-like fibers. tremolite talc dust must be considered to 
Dust counts in mining ranged from : constitute a definite industrial hazard re- 
to 5 oao million pareicles per cubic foot; in quiring control of dust by suitable engineer- 
milling from 20 to 215 million perticles a ing methods. * . 
cubic foot. " 
4. In a &roup of 221 tremolite tale min- REFERENCES -° 
ers and millersadv anced fibrosis was found i. inmi Report Chief Tosnertar of Factions and 
In 32 men, giving an incidence of 14.5 per Workshops for England and Wales. His 
. cent. e Majesty's Stat. OF., London, 1933, p. 63 ° 
All of the cases of fibrosis occurred (Merewether); 1934, p. 65 (Merewether). ° 
among those men who had worked in trem- 2- BeTHUNE, N. Pleural poudrage; new technic for 


deliberate production of pleural adhesions ss 
preliminary to lobectomy. 7. Thoracic Surg., 
1935, 4, 251-261. 


olite talc for ten vears or longer (107 men), 
giving an incidence for this group of 29.9 
per cent. 


b. T he fibrosis fou nd in this studv Was of * Since this paper was written, an article on experimental pro- 
duction of intrapleural adhesions in animals by Hanrahan, Adams 
a fine, diffuse type Ww! ith a roentgenographic and Klopstock has appeared in the Fifty-Seventh Annual Medical 


appearance of cranulation or nodulation on Report of the Trudeau Sanatorium. In the case of one rabbit 
| r buek ; treated with iodized talc, the authors report, “The medial half 
a hazy bac ground. It tend ed to be disab- of the diaphragm contained a subpleural collection of powder, o.4 


* ling in character and was freq uentlv accom- — mm. in thickness, lying insitu asa semirigid plaque. . . . Medias- 
~ : tinal and diaphragmatic distbution suggested complete 


panied by dyspnea, cough and fatigue. lymphatic blockage.” ] : 
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“TBE bandity of autopsy material avail- 
able for the studv of virus ; pneumonitis 
Is an academicehandicap, but enough of a 
humane blessing to allay regret; these cir- 


cumstances place an emphasized burden of 


responsibility on bacteriologic consultants 
and deduétive forms of clinical analysis. 
Not the least of the latter is, we believe, 
accurate roentgenographic observation and 
deductive correlation of findings. 

The, characteristic roentgenographic ap- 
pearance, the characteristic distribution, 
and the fairly characteristic changes in 
evidence of development and _ recession— 
resolution—of lobar (pneumococcus) pneu- 
monia are uniform, dependable and well 
known. Since this disease entity provides, 
such a regular syndrome of history, symp- 
toms, physical signs, bacteriologic findings 
‘and sinet routine typical course, roentgen- 
ographic examinations have come to fill an 
order of somewhat secondary importance in 


* lobar pneumonia. Roen tgenologic consulta- 
tion is important largely for the following: 
A. A study qf correlative findings in 
early stages of a relatively typical 
SV ndrome. 
Verification of physical findings, 
* rarely necessary in frank cases. 
x. Localifation of process; more im- 
portant on the right side of tle 
chest. 
3. Record of conditions as a clinical 
course-record “‘base line" 
4. Identification or exclusion of any 
coexistente complication. 
B. Study of special phases of early stages 
of not-so-typical syndrome. 
e 1. Identifi€ation of process, in case of 
vague history and physical signs. 
" 2. Especially in the face of symptoms 


and/or signs outside of the thorax: 
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in the abdomen, meninges or cen- 
tral nervous svstem. 

3. Or identificagon of late phase of 
previously unrecognized pneumonic 
process resuleing from mild pneu- 
mococcic pathogen. 

Differentiation of a case at hand from * » 

a multitude of other intrathoraci 

diseases when the historv, phvsical 

findings, or course seem unreliable. 

Serial studies in case of complication 

both immediate and presistent such 


D. 


as empvema, delaved resolution, 
chronic ibrosing non-resolution, and / 
or subsequent bronchiectasis, ac- 


quired type. 


The group designated under Ce above 
would likely iħclude the disease entity, as 
we choose to call it, which forms the 
nucleus of interest in this presentation. 

LITERATURE 
'As early as 1932 and 1933 French? and 
German? authors were describing a typical 
pneumonic process with atypical distribu- 
tion, usually not involving even a large 
part of a single lobe, apparently not always 
accompanied by pneumococcus infection. 
"These cases," if they may be successfully 
grouped, were soon (1935) referred to as 
pneumonitis in the American‘ literature 
and a discussion of the definition of this 
term and syndrome ensued. Some of the 
roentgenographic findings were quite 
simply typical of lobular (segmental) con- 
solidation and others were consistent with 
what we now feel can be identified as true 
virus pneumonitis and bronchopneumonia: 
a combination of a simple infiltrative proc- 
esses and minor, even minute, areas of 
consolidation and partial consolidation, 
The latter component €f this duel process 
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was frequently subsequent to the former 
factor and possibly equally depentient on 
it and a secondary invading organism. 

As qne analyzes more recent reports, the 
number of infiltrative (pneumonitic) ex- 
amples has steadily increased until they 
predominate in the reports of Reimann™ 
and constitute a relatively pure subject of 
discussion for a paper by Smiley, Showacre, 
Lee and Ferris." 

The clinical syndreme has been growing 
even more uniform both here and in the 
descriptions of other% since 1937 and has 
been briefly as follows:*."? 


An insidious febrile onset. Progressive 
regular rise and fall of body tempera- 
ture without diurnal regularity reach- 
ing 103-105? F. after the first day or 
two. 
Accompanied by progressive malaise 
and often severe headache and occa- 
sionally severe chest pain. 
. Third or fourth day development of a 
cough, usually unproductive. 
4. Cemmonly no significant or localized 
physical finding up to «his time and 
frequently even for some days. , 
Low leukocyte count and negative 
sputum. A filtrable virus in same 
groups apparently characterizable by 
certain animal inoculations which can 
be duplicated and continued. 

6. Early minor, usually centrally lo- 
cated, roentgenographic findings in 
examination of the lungs by the third 
to the fifth day. 

5. Slowly developing “crescendo” type 
clinical course: ten to twelve days 
total elapse of time; followed by 
decrudescence by lysis, but mild rise 
in leukocyte count and some produc- 

e tive cough but nonspecific sputum. 

8. Or migration of signs, recrudescence 
of severity and beginning important 
rise in leukocyte count; probably rep- 
resenting more serious secondary 1n- 
vader. 

9. This last mentioned phase is the only 

one in which sulfonamide drugs ap- 
pear to be indasputably effective. 
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10. This process has a definite trend 
toward contagion as evidenced by 
familial and other gregarious grouping. 


In the past year we have seen 279 reason- 
ably certain cases of primary pneumonia in 
221 of which (74 per cent) the history, find- 
ings and course have followed. the above 
outline and pattern with remarkable uni- 
formitv. The remaining 58 cases encom- 
passed a relatively large group of variable 
types of primary pneunmenic processes. 
Typical lobar pneumonia with pneumococ- 
cus identification has been predominant 


(42 cases). x : 
Of 254 sputum examinations for pneumo- 
coccus identification and typing  per- 


formed here in the past year, 172 have been 
negative and some 25 to 35 were positive 
for types of questionable pathogehicity. 
This trend seems quite parallel in potenti- 
alities to our independent classification of 
the roentgenologic findings. 


DESCRIPTIVE DISCUSSION 


Of more interest to us as roentgenologists 
haye Deen the roentgenographic character- 
istics of the 221 cases of atypical, possibly 
virus, pneumonia. 

We have come to feel that there are sev- 
eral characteristics of the roentgenographic 
evidence of this syndrome other than in- 
constant peculiarities in distribution. In 
fact, a few of these ch&racteristics geem to 
be almost exclusive. We, of course, realize 
that they cannot be considered pathog- 
nomonic, since, so far as we knew, they do 
not represent specifically, one pathologic 
ff'ocess; since, as a matter of fact,*we have 
practically no pathologic Material for 
study. Though the roentgenographic pe- 
culiarities of this syndrome do follow the 
non-lobular, non-segmental and inconstant 
distribution pattern previously described 
by many authors, we feel that this distribu- 
tion pattern is followed in a more or less 
orderly manner both @s t& location and as 
to the progressive chronological develop- 
ment, even of the various "units" in the 
cases in which they are multiple. We also" 
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offer some pertinent examples as Webl’as 


" e \ r 
32 Asa E. Seeds and Morton L. Mazer 004, [onm us 

e " " E 
found these examples a reasonably coNstant 
rule rather than an exception. 


I. An infiltrative process at the onset. f 

A. First progfłessively peribrônchial 
from the hilum and then Irregu- 
larly interbronchial; earlier in the 
more proximal portion. 

B. Customarily clearlv definable as to 
limits in spite of its disregard for 
segmental or lobar structural 
limits, usually involving more 
than one segment and frequently 
parts of more than one lobe. 


* 
Fic. 1. "Cotton-wool" appearance of centrally lo- 
cated early infiltration and partial consolidation. 


feel that a descriptive structural gnalysis 
of these processes is characteristic with 
surprising constancy. 

We should like to present our idea of 
these findings in the following form and 


examples of some contrasting lesions for 
standardization (see illustrations). We have 





Fic. 3. Early "wire-grass" type infiltration 
characterizing mid-resolution. 


2. Quickly accompanied by a "cotton- œ 
wool” appearance of multiple areas of 
partial or semi-consolidation. * 
A. This is scattered through the area e 

of infiltration; usually distributed 
in a radial progression also. . 

B. Frequently subsequently (six to 
twenty-four hours) coalescing. 

C. Occasionally eventually (twenty- 
four to forty-eight hours) filing 
approximately a whole lobe to 

Fic. 2. “Cotton-wool” appearance in so-called in- simulate lobar pneumonia but, so 

verse phase or resolution with new area or unit far as we have seen, always man- 

developing from right upper hilum. aging to preserft a striated infiltra- ° 
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Kic. 4. £, late "wire-grass" type infiltration (pseudofibrosis). B, same 
case showing the lungs entirely clear in one week. 


3. Resolution or absorftion begins. 
A? By generalized and uniform pro- 
gressive (three to five davs) loss of 
densitv throughout the "unit." 


B. The development of an appear- 
ance of “‘wire-grass”’ infiltration or 


tive tvpe background rather than 


a pure homogenicity. 
D. Usually establishing a fixed distri-* 
e bution for any one area in two to 
three days, which *afterward be- 


haves as a "unit." A : 





Fic. 5. Extensive distribution simulating lobar pneumonia. Actually the extension is 
beyond loBar lines and a striated characteristic, mentioned in the text, 1s retained. 
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Fic. 6. Two examinations of same patient within forty-eight hours showing (top to bottom) distribution 
simulating lobar pneumonia but developing lesion characteristics rapidly, indicating a non-pneumococcus 
process, 
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Fic. 7. Typical process and seventy-two hour sequence in seven year old child. 





"pseudofibrosis" (suggesting a rel- here. This position, at leas for the moment, 
atively simple inverse of the de- is in centrast with the recent secondary 
veloping process). . position of roentgenology in classical lobar 
C, Eventual progressive complete pneumonia due to pneumococcus. Natur- 
clearing of this pracess in five to ally, we do not hold with anv idea that this 


fourteen days, usually five to eight | syndgome should be expected to maintain 


. a f T. . @ , . "Tu . , 

days in cases of single "units. a permanent dominant position. in the 

4. Occasional development of multiple problem of pneumonic processes. Nor do we 
"units" with expect that this degree of uniformity will 


A. Subsequent definite dates of onset 
and individual chronology. 

B. Rarelv, involving nearly all visible 
parts of lung. 

C. Usually no one unit disturbing the 
approximate prearranged chron- 
ology of any forestarted unit. 

5. Occurring quite typically in children. 

A. We recorded onlv one tvpical case 
under six months, but many both 
under and over two vears. 


COMMENT 





Due to evident difficultv in clinical diag- 
nosis produced by such incipient changes as 
those which characterize the early onset of 
chis syndrome, T submit that FOSD IDOL. Fic. 8. Typical location, uniform density and defini- 
graphic diagnostic procedures have ac- tion of lobular pneumococcus pneumonia in à 
quired a position ef primary importance child. 
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* 
Fic. 9. Typical middle stage (five days after onset) process with typical distribution differing fron lobular 
pneumonia in similar location having similar distribution bug different'appearance. 
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Fıs. 10. Characteristic localized segmental or lobular pneumococcus pneumonia of location 
and size similar to Figure 9. 
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enjoy vides hend geographic distrybution. 
The secondary variants of pneumonia from 
the pneumococcüs. have been inconstant in 
differfht time cycles afid at the same time 
varied further in separated localities in the 
same season. We do feel that it represents a 
currently important cyclic variant of acute 
pulmonary diseases and is perhaps in the 
midst of the crescendo of its own import- 
ance this year. Nevertheless, it has been 
gratifying to us to bé able to develop some 


criteria of roentgenographic recognition of 


this syndrome during the time that it has 
* been so prevalent, and here in the South- 


~ms t where it has developed such an appar- 


ently pure form. It has been gratifying to 
find considerable reassurance in the reason- 
able correlation of findings with other de- 
partments. It is paradoxically ungratifying 
from an academic standpoint to be afforded 
almost no material for objective verifica- 
tion. 


We shall have to rely upon the field of 
bacteriology to provide eventually a practi- ' 


cal and*quick means of identifying and sub- 
classifying filtrable virus. — * 


CONCLUSIONS 


A group of 221 cases of non-lobar 
(non-pneumococcus) pneumonia have 
been related and discussed as to certain 
features. The clinical and laboratory find- 
ings correlate well with previously de- 
scribed groups of febrile episodes appar- 
ently due at least in part to infection with 
a filterable virus; possibly one peculiar to 
this syndrome. 

We believe that we are able to demon- 
strate certain. pulmonary roentgenologic 
characteristics of this syndrome over and 
above ` "distribution unusual to lobar pneu- 
monia," and inconstancy within its own 
group. 

3. We believe that a remarkably large 
proportion of these cases follow a fairly 
constant roentgenologic course, in either 
single, double, or occasionally multiple 
chronological “units” or episodes. 

4. Staggered concurrence is typical 
cases of multiple units. 
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The roentgenologic identification of 
dis entity is important in the face of the 
common difficultv of establishing depend- 
able clinical identification in tvpical cases. 
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NUODENAL ULCER SYNDROME CAUSED. 


BY ANKYLOSTOMIASIS 
REPORT OFWTWENTY-FIVE CASES WITH GASTRIC ACIDITY AND 


ROENTGENOLOGICAL STUDIES* 


By H. A. YENIKOMSHIAN, M.D., D.T.M.&H., M.R.C.P., 
and WILLIAM H. SHEHADI, M.®Ð.t 


From the Departments of Medicine and Roentgenology, 
School of Medicine, The American University 


BEIRUT, LEBANON, SYRIA 


a 


ASTROINTESTLINAL disturbances 
caused by hookworm disease may ap- 
e pear in different clinical forms, including 
at of duodenal ulcer. The symptoms are 
often vague and indefinite, the patients 
complaining of heartburn, flatulence, a feel- 
ing of fullness of the abdomen and irregular 
bowel movements. In some cases patients 
complain of epigastric pain, more marked 
two to four hours after meals, increased by 
pressure, but relieved by food and/or alka- 
lis. In localities where ankylostomiasis 1s 
very common, dyspepsia associated with 


severe*anemia suggests the diagnosis of 


hookworm disease. On the bther hand, in 
those countries where hookworm disease 1s 
rare, or the infection 1s light, ankylo- 
stomiasis as a cause of painful dyspepsia 1s 
often ignored and not considered in differ- 
ential diagnosis. In those cases where hook- 
worm disease causes symptoms suggestive 
of duodenal ulcer, a definite diagnosis can 
be made only by finding ova of Ankylo- 
stoma in the stools and by roentgenological 
examination of the gastrointestinal tract 
with the barium meal. 

Ankylostomiasis in Lebanon and Syria, 
as in many other parts of the world, does 
not constitute a major public health prob- 
lem and may be considered of more or less 
hegligible economic and medical import- 
ance.55? However, more and more cases 
are being recognized and its significance 
from the standpoint of differential diagnosis 
and treatment is becoming increasingly ap- 
preciated. 

In the Out-patient Clinics and Hospitals 


* Read at the Twelfth Megical Conference of the Medical Alumni 


+ Now Assistant Professor of Radiology, College of Medicine, 
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University of Vermont, 
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of the American University of Beirut, we 
have had patients whose clinical history 
was very suggestiveof chronic duodenal ul- 
cer, but in whom stool examination re- 
vealed presence of ova of Ankylostoma duo- 
denale. These patients have had complete 
relief from their digestive symptoms soon 
after the hookworm infestation was @eared. 
We have noted that some of these patients 
in whom hookworm disease was associated 
with painful dyspepsia s&ggestive of duo- 
denal ulcer gave no history of recent hema- 
temesis or malaria, had severe anemia, 
microcytic in type. It is a well known fact 
that painful dyspepsia due to duodenal ul- 
cer is usually associated with high gastric 
acidity, while hypochlorhydria or achlor- 
hydria is the common finding in anemias. 
This unexpected association of peptic ulcer 
syndrome with severe anemia due to hook- 
worm disease prompted us to investigate 
the gastric acidity and toemake roeptgeno- 
logical studies of the gastrointestinal tract 
of patients with ankylostomiasis. Since 
etiologiaal relation of gastric. acidity to 
duodenal ulcer and the relation of certain 
types of anemias to diseases of the gastro- 
intestinal tract is being widely studied at 
the present time, our observations seemed 
to us of sufficient interest to be presented 
in this communication. 

Hookworm disease in Syria and Lebanon 
is confined to certain afeas along the coast 
and to inland districts along the banks of 
the Euphrates and Orontes Rivers.” 7^ 


[t is prevalent among gardeners most of e 


whom are poor and uneducated and to 


Association of the American University of Beirut, April 28, 1939. 
Burlington, Vermont. 
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TaBLe I "4 
e. 
dm — —— e- - ——— a —— = 
c ISe] "Ls , Free | Red Blood : | à; 
Case Chief Complaint a oe Hemo- Roentgen |. Compli- 
No. | 24 ind Duration saoi vel | globin Findings catjpns samarks 
o é i ba | ‘ ( ` ~s > 
: Age Acidity, Count |S 5 é | . 
z | Ai | Epigastric pain 1-2 hr. 25 3,700,0co | 70% | Spastic cap, tenderness, | Blood | Pain relieved second dag 
25 | p.c. Relieved by alkalis exaggerated and re- Wasser- | after vermifuge. Roent- 
| not by food; 1 mo. | versed peristalsis in | mann 4 plus; | gen examination normal 
duration duodenum diarrhea after 17 days 
2 | M | Epigastric pain re- 45 2,230,000 | 30% | Pylorospasm, irritabil- — |. Complete relief of pain on 
35 | lieved by food, 2 yr. ity of descending duo- | second day after vermi- 
duration. Dyspnea on e. denum. Occasional re- | fuge. Roentgen recheck 
exertion 9 versed peristalsis eq 6mo. later, normal 
= — —— = 
3|M | Epigastric pain 2-3 hr. 42 3,700,000 | 70% | Pylorospasm, tender =á Complete reliefon second 
41 | p.c. relieved by food | and irritable duodenal | day after — vermifuge. 
and alkalis; 6 mo. du- cap. Swelling of mucosa Roentgen findings un- 
ration e | of proximal jejunum | changed after 3 days 
i . ‘ [ or Tu t! is me. | R ] =— 
4 | M | Epigastric pain 2-3 hr. 68 5,430,000 | go% | Irritable duodenum, | Amebiasis | Complete relief from pain 
21 | p.c. Partial relief by active and reversed on second day after 
food peristalsis. Moderate vermifuge. Roentgen 
stasis at lower duo- | findings improved 5 days 
denal angle. Swelling after recheck, normal 8 
| of mucosa of proximal weeks after vermifuge 
| jejunum | 
5 | F | Loss of strength and | 43 1,960,000 | 20% | Negative Cardiac | Roentgen examination 
20 | color g mo. duration. _ dilatation | normal. No epigastric 
| Heaviness in epigas- | pain, normal acidity, se- 
trium with heartburn e | vere anemia 
6 | F | General weakness | 35 2,820,000 | 45% | Negative = Roentgen findings nor- 
18 mal. No epigagtric pain, 
| normal acidity, marked 
ji anemia 
Rai è " | ; > . 0 . AC. . . 
* 72 | F | Epigastric pain 3-4 hr. 33 2,200,C00 |» 35% | Negative Edema of | Epigastric pain, although 
30 | p.c. wakes patient at | lower roentgen findings and 
night. Relieved by food extremities | acidity normal; marked 
and alkalis | anemia 
eS Fe ee | 
8 M | Heartburn, distention 23 1,890,000 | 33% | Negative Pneumonia | Roentgen findings and 
28 | in epigastrium acidity normal, severe 
anemia 
9|. M e Epigastric pfin r&her 24 4,200,000 | 70% | Negative — Roentgen findings and 
| 3° | constant, not relieved | acidity normal. Epigas- 
by food or alkalis; gen- tric pain not periodic 
| eral weakness | 
— — on ——— 
| ~ > "T . . ~ .ş. . . . 
1o | M | Geneeal weakness, 48 3,5§0,000 | 50% | Tender and irritable Syphilis Rather high acidity des- 
* . ) * LI . K . d LI 18 . y 
36 | vague abdgminal pains duodenum, active peri- malaria, pite multiple diseases and 
for many yefrs stalsis liver anemia 
2 * ; ; 
cirrhosis. 
E Wasser- 
| mann 4 plus 
11 | F | Epigastric pain 2 hr. 38 3,750,000 | 85% | Negative |. B. coli Pain relieved after vermi- 
17 | p.c. relieved by food, communis | fuge. Roentgen findings 
2 yr. duration pyelitis and acidity normal 
— — I ——————————————— | 
12 | F | Abdominal pai? ç yr. 30 34530,000 | 65% | Irritable duodenum Cholecystec- Normal acidity with 
45 | duration tomy 7 yr. | moderate anemia 
duration 
SEE cam | 
13 | M | Epigastric pin 2-3 hr. 87 4,700,000 | — | Tender and irritable — Prompt relief after vermi- 
45 | p.c. Relieved by food descending duodenum. fuge. High acidity. Epi- 
» | j ^ 5 e es 
and alkalis; 1 yr. dura- Reversed peristalsis | gastric pain and positive 
tion | | roentgen findings 
— ÉÁ-——w— 
6 
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w Taste I—Continued 
= = - e = 
Case, Sex Chief Com Free Red Bivoj Hemo- Roentgen Compli- 
| and : Gastric Cell : ae Ee 
No. and Duratio "dat globin Findings cations 
Age e Acidity, Count 
t4 | F | Epigastric pain, gen- 94 1,840,000 | 35% — Edema of 
@ 35 | eral weakness, palpita- lower 
tion extremities 
um noi poste Go m . 
15 | M | Epigastric pain 2 hr. 62 — — Gastric and duodenal | Gastroenter- 
55 | p.c. acid eructations, mucosa swollen. Re- | ostomy, I5 
relief by food and alka- | versed peristalsis yr. previ- 
lis; 30 yr. duration ously, with 
no improve- 
P d ment 
16 M | Epigastric pain 2 yre | 5o 4,390,000 | 80% — Strong yloides 
22 | duration; heartburn | stercoralis 
e — kc ; . a i »" ... 
17 | M | Epigastric pain 2-3 hr. 50 4,700,000 | 85% | Swollen mucosa of cap Amebiasis; 
- | 25 | p.c. relieved by food and descending duo- diabetes 
and alkalis, of 10 yr. | denum. Spastic and 
duration | tender cap. Increased 
| and reversed peristal- 
| sis 
18 | M | Epigastric pain g mo. 85 1,210,000 | 25% | Pylorospasm, slight Cardiac 
23 | duration. Palpitation | broadening of mucosa | dilatation 
and dyspnea on effort of cap and descending 
duodenum. Active and 
reversed peristalsis. 
Swelling of jejupal mu- 
cosa, barium column 
tends to be segmented 
See 
19 | M Epigastric pain 4 hr. 63 92,420,000 so% | Slight broadening of -— 
30 | p.c. relieved by alkalis; mucosa. Irritable duo- 
I yr. duration denum. Active and re- 
versed peristalsis 
20 F | Loss of strength and | 33 1,380,000 | 25% | Irritable cap and de- Cardiac 
14 | color plus fever 13 mo. | | cending duodenum. Ac- | dilatation. 
duration tive peristalsis of stom- Edema 
ach and duodenum. 
Diverticulum of stom- 
ach. Slight swelling of 
jejunal mucosa. Loss of á 
“feathery” pattern 
| 
21 | M | Abdominal pain and 37 5,000,c00 | go% | Irritable cap with mod- | Trichostron- 
16 | epigastric distention erate swelling of mu- | gylus 
cosa. Increased fnd re- 
versed peristalsis 
á | 
| 
En | 
22 | M | Epigastric pain and 66 4,700,000 | 85% | Irritable duodenum. | Strongyloides 
e 45 | distention after meals Active and reversed | stercoralis, 
peristalsis. Swollen | spondylitis, 
Jejunal mucosa. Loss of | appendec- 
"feathery" pattern tomy 2 yr. 
before | 
23 | M | Backache, acid eructa- 68 — — | Slightly swollen mu- | = 
1g | tions and distention cosa of bulb. Irritable 
duodenum. Active and | 
reversed peristalsis 











Remarks 





Severe anemia with very 


high acidity 





Prompt relief after vermi- 
fuge. Operation may have 
been unnecessary, 1f cor- 
rect diagnosis had been 


made 





Prompt relief after vermi- 
fuge 





Prompt relief after vermi- 
fuge. Roentgen findings 
normal 24 days after 
vermifuge. Acidity falls 
II points 





Roentgen findinge show 
improvement § days after 
vermifuge. Recheck after 
8 mo. normal. Prompt 
relgef of pain after vermi- 
fuge. Acidity falls 20 
points in 8 mo. Note: 
high acidity with severe 
anemia 





Prompt relief after vermi- 
fuge. High acidity with 
anemia. Roentgen find- 
ings normal in 16 days 





Normal acidity. Severe 
anemia. Roentgen exami- 
nation shows normal du- 
odenum in 11 days 





Prompt relief after vermi- 
fuge. Recheck roentgeno- 
gram after 10 wk. nor- 
mal. Recurrence fue to 
comflication 4 mo. later. 
Normal again after 4 wk., 
vermifuge having been 
hone 





Relief of epigastric pain 
after vermifuge 





Digestive symptoms dis- 
appeared after vermifuge 
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TaBLE I— Continued d 
Tc — = ————= = RÀ ducc EE 
= —— = - — E = ' 
Case Sex Chief Complaint Free Red Blood Hemo- Roentgen Compli- "d X. 
- and Gastric Cell A nc A : Remarks 
No. and Duration ys » globin Findings cations ð 
Age Acidity Count " à e e 
24 | F Swelling of abdomen 13 840,000 | 15% Slightly swollen mu- Cardiac Very severe anemia, car- i 
| 25 | and lower extremities g | cosa of duodenum and dilatation, | diac dilatation, circu 
mo. duration. Epigas- | jejunum ascites, tory failure, extreme 
tric pain 3-4 mo. dura- e nephritis weakness, low free acid- i 
tion. Heartburn, less ity, moderate duodenal 
of strength and color changes. Roentgen find- 
ings normal 21 days after 
e vermifuge. Iron treat- 
° ment and diet is followed 
e "s by rise of red blood cells 
to 2,580,000 and HC! to 
* 30 within 4 wk. 
25 M | Epigastric pain 1 ly. 56 4,730,000 | 85% Active gastric and duo- Amebiasis | Prompt relief of pain 
35 | p.c. especially after denal peristalsis with after vermifuge. Roent- 
heavy meals. Cough of | | reversed duodenal peri- | gen examination after r2 
12 yr. duration | stalsis. Swollen mucosa days shows condition rap- 
| of duodenum and je- idly returning to normal 
junum 
e 
whom proper medical care is not readily ture of carbon tetrachloride and oil of 
available. Durigg the last few years, how- Chenopodium). In patients whose pain per- 
ever, an increasing number of patiants from sisted or returned shortlv after administra- 
all walks of life, suffering from hookworm tion of the vermifuge, it was noted that ova 
disease, have been examined and treated of. Ves eii ie duodenale were still „present 
at this institution. in the stools., A second dose of vermifuge 
The present report is based on a series E produced complete relief from symptoms. 
25 cases of ankvlostomiasis in which, i Alf 25 patients had positive stools for ova 
addition to routine clinical and Wiss die of Ankylostoma duodenale upon admission, 
studies, gastric Juice analysis and roent- but the stools became ova free before the 
genolopic studies of the gastrointestinal patients were discharged. Twenty-three of 
tract were made. Significant data on all the 25 patients had roentgenologic exam- 
cases are given in Table 1. ination of the gastrointestinal tract. As 
Twenty-thre®ou®of the 25 patients com- many of our patients came from relatively 
plained of digestive disturbances and ab- distant sections of the country v, It was not 
dominal pain. In 10 cases, epigastric pain possible to obtain on all follow- up roent- 
had a defigite relation to meals. coming on genologic evidence of cure. à 
one to four heurs after ingestion of food. 
oo patients a night with epigas- PATHOLOGICAL CHANGES IN THE SMALL 
| "y^ asa NT BJ B 
tric pain, pain relieved by intake of food UB eee 
e 


and alkalies. Small quantities of soft and 
easily digestible food relieved the hunger 
pains while the intake of coarse food or of 
large quantities of food increased the epi- 
gastric pain and discomfort. In none of 
these patients was there vomiting, hema- 
temesis or melegpa. It is significant to note 
that all patients had relief from epigastric 
pain and distress within twenty-four hours 
* after administration of the vermifuge (mix- 


Although hookworms are most frequently 
located in the jejJunum, 529?! they mag 
extend proximally up to the pylorus and 
distally as far as the cecum and ascending 
colon. As the name implies, one would ex- 
pect to find the parasites more abundantly 
in the duodenum. Their presence in varving 
levels of the duodenum has been frequently 
observed.: The parasites have been re- 
covered from aspirated gastric secretions.’ 


Deo 







ssume that the nearer the 
is to the pylorus, with 
more extensive inmglvement of the duodenal 
mucosa, the more Mels are the symptoms 
to simulate those of duodenal ulcer and the 
nfore marked the roentgen findings in the 
duodenum are expected to be. 

The pathological changes in the walls of 
the small intestine are due to the combined 
effect of the reaction to the trauma in- 
flicted upon the mugeus membrane bv the 
formidable hooklets of the parasite, second- 
ary bacterial invasion, as well as the effect 
eof the toxin of the parasite.+8:19:?.7! 

There are numerous punctate erosions of 
the mucosa at the site of attachment of the 
parasite with varying degrees of hemor- 
rhage into the mucosa and submucosa. 
Leukocvtic infiltration is present and 
edema of the mucosa is also noted. The 
findings may be summed up essentially as 
(a) trauma, bleeding and accompanying 
changes, and (4) chronic enteritis." 


zone of infect! 


e. GASTRIC SECRETIONS 


As alreadv mentioned, hypochlorhydria 
or achlorhydria is the common findifig in 
severe anemias. Our observations are in 
marked variance with this dictum as can 
readily be seen from Table 1 and Chart 
1, demonstrating a marked rise in free gas- 
tric aciditv above the normal levels. This is 
well illustrated by Cases 14 and 18, while 
Cases 20 and 24, showing the severest de- 
gree of anemia observed in any of these 
cases, still maintain an acidity of 33 and 13 
in spiteof a red blood cell count of 1,580,000 
and 840,000 respectivelv. To our knowledge 
no striking findings have hitherto been re- 
ported on gastric Juice of patients with 
ankylostomiasis.” SOLES Crarin, ef ah" and 
Suárez?! are of the opinion that neither the 
number of parasites attached to the duo- 
denal mucosa nor the resulting anemia in- 
fluence the gastric acidity. They have given 
no correlation between the degree of acid- 
ity and the dyspeptic symptoms. 

In Chart 1, curve (7) represents the free 


* Since this paper was read @ ferences 2 and 11 have appeared, 
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acidity curve plotted from 10 cases of 
ankylostomiasis with symptoms indicative 
of duodenal ulcer and with positive roent- 
gen findings in the duodenum. It is higher 
than the curve for duodenal ulcer. Curve 
(2) is plotted from all the remaining cases of 
ankvlostomiasis reported in this series, 
other than the to already referred to. It is 
similar to curve (3) which is plotted from 
free acidity @urves of 50 cases of active 


60 
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Cuarrt. (7) free acidity curve plotted from 10 cases 
of ankylostomiasis with symptoms of duodenal ° 
ulcer and positive roentgen findings; (2) free 
acidity curve plotted from all remaining cases; 
( 3) free acidity curve of 50 cases of active duodenal 
ulcer before treatment; (4) free acidity curve of 
100 healthy medical students. 


duodenal ulcer, before treatment, at the 
American University Hospitals. Curve (4), 
representing a normal level, is based on the 
free acidity curve of 100 healthy medical 
students at the University,Who are known 
tf be free of ankylostomiasis, or other dis- 
ease. : 
ROENTGENOLOGIC OBSERVATIONS 

The occurrence of duodenal irritation 
and duodenal inflammateon in the absence 
of a peptic ulcer is gaining wider recognition 
in the fields of pathology and clinical medi- 
cine as well as of roentgenoPogy. Discussion 
of this subject is outside the realm of this 


paper and will be considered elsewhere. 
Roentgenologic studies of the gastroin- 


44. H. A. Yenikomshian and William,H. Shehad” « 
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* 
testinal tract of patients with ankvlo- 
stomal infection reveal, in the majoritv of 
cases, certain findings which indicate the 
presence of definite irritabilitv or inflam- 
mation of the duodenum, and sometimes of 
the jejunum. This varies in degree and loca- 
tion and most ,probably depends on the 
severity of the parasitic infestation as well 
as on the part of the intestines that is most 


e involved.: 


Of the 25 cases under consideration, 23 


e 

Case 17€ 4, November 4, 1938. Marked 
swelling of mucosa of bulb and descending 
duodenum. November 5, 1938, vermifuge 
administered. B, November 10, 1938. Con- 
siderable decrease in mucosal swelling, 
spasticity present, no ulcer niche. C, Novem- 
ber 14, 1938. Mucosa practically normal. 
Peristalsis still abnormal. Periodic roentgen 
recheck was made and on December 1 con- 
dition was found quite normal. 


l 
Fic. 1. 


were examined roentgenologically. Of these, 
17 cases, or 68 per cent, showed definite 
roentgenologic changes in the duodenum. 


These changes may be divided into func- 


tional and anatomical. 

The stomach often presents the same 
roentgenologic aspects seen in association 
with a duodenal ulcer or duodenitis. Peri- 
staltic activity 1s increased and gastric 
evacuation is accelerated. At times, slightly 
prolonged initial pylofospasm is observed. 


© os - 
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Fic. 2. Case 25, 4, April 7, 1939, Active gas- 
tric peristalsis, inconstant deformity of duo- 
denal bulb, with swollen mucosa. Coarse 
pattern of jejunal mucosa. Vermifuge ad- 
ministered on® following day. B, April 17, 
1939. Markedly decreased irratability, per- 
sistent but decreased deformity of duodenal 
bulb as well as of mucosal swelling. C, April 
29, 1939. Appearance rapidly approaching 
normal. 





A5 the functional changes are the ones most The contrast medium is carried rapidlv for- 
constantly observed, the roentgenoscopic ward by active peristalsis. Often reversed 
part of the examination is all the more im- peristalsis sends the b&rium backwards, 
portant. Roentgenographic records are of moving it back and forth several times, 
diagnostic value when definite changes in producing a "pendulum effect.” This latter 


the mucosa are demonstrable. finding is not constantly present, may be 
Functional Changes. These may be motor observed less commonly in normal patients, 
and secretory. and cannot be considered diagnostic. In 


rn e . e . . . à " . 
The duodenum as a whole is irritable. this connection, our findings are at varı- 
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. ance with those reported by other observ- 


ers? who consider this sign of great diag- 
nostic significance. Reversed peristalsis was 
found in 12 of the 23 cases roentgenologi- 
cally examined. Varying degrees of spastic- 
ity of the duodenal bulb are observed. Mild 
transitory stasis at the lower:duodenal an- 
gle is noted at times. 

Repeated roentgenoscopic observations 
at frequent ingervals after tlfe administra- 
tion of antiheminthics demonstrates a 
steady decrease in the intensity of these 
signs as the duodenum gradually returns to 
normal. p 

No gastric retention has been observed. 
Increased secretion in the stomach and 
duodenum tends to decrease the density of 
the contrast medium. Tenderness is elicited 
on pr€ssure over the duodenum, especially 
over the bulb when the latter is involved. 
The epigastrium is also tender on pressure. 

Anatomical Changes. Varying degrees of 
swelling of the mucosa with alteration of 
its pattern was observed roen tgenologically 
in 8, or 31 per cent, of the cases (Fig. 1 and 
2). The occurrence of spasticity together 
swith swelling of the mucosa and accom- 
panying deformity of the duodenal bulb 
renders differential diagnosis from ulcer 
difficult. 

The absence of a definite niche, the in- 
constancy of the deformity and the rapid 
returneto normal after the administration 
of a vermifuge eliminates every doubt as 
to whether there had been an ulcer or a non- 
parasitic duodenitis. After the administra- 
tion of the vermifuge, these patients were 
allowed, their régular diet. Thus it is net 
possible to attribute any of the improve- 
ment so obtained to the effect of a special 
dietary regimen. In certain instances, the 
finding of ova of Ankylostoma in the stools 
may be the only means of differentiation 
between an ankyléstomal duodenitis and a 
non-ankylostomal duodenitis or a condi- 
tion with marked irritability of the duo- 
denum. : 

This is mentioned to emphasize the fact 


ethat although the above described roent- 


genoscopic and roentgenographic findings, 
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ankylostomal 
eans character- 


when present, are typic4l i 
infection, they are by n 
istic or pathognomonicff the condition. 

In the jejunum, aftefations from the nor- 
mal were occasionally met with in thege 
cases. The usual “feathery” appearance of 
the contrast medium in the jejunal loops is 
lost, the pattern is coarse, and the mucosa 
is swollen. At times, in later stages, the 
contrast medium tends to appear in more or 
less isolated solid colWans or masses. It is 
not possible to evaluate the significance of 
this finding in the light of changes due to 
vitamin deficiency when so few observa- 
tions have been made. *:!6:23* 

Following the administration of anti- 
helminthic treatment, the patient's symp- 
toms cleared up almost immediately, pain 
usually disappearing by the second day. 
Roentgenologically the return to normal is 
much slower. Although localized tenderness 
is the first sign to disappear, roen tgen evid- 
ence of duodenitis and duodenal irritation 
remains for some time, and if unduly per- 
sistent, is an indication of continued infec- 
tion or reinfection. 

On$y after a thorough and effective treat- 
ment, with repeated negative stool reports, 
may a cure be assumed. Roentgenological 
confirmation of a cure is usually obtained 
in from eleven to twenty-four days after 
the administration of the vermifuge. Evid- 
ence of improvement, both roentgenoscopic 
and roentgenographic, is apparent as early 
as the third to the fifth day. 

In some cases it was not possible to make 
a roentgenologic re-examination until a few 
weeks or months had elapsed. It is not to 
be inferred that such a long time was needed 
for a cure. It means that the patients were 
late returning for their re-examination, 
while a few never came. 

Of the 17 cases with positive roentgeno- 
logical findings in the duodenum, 4 had a 
normal gastric aciditv, 2 were in the limits 
of high normal, 8 had definite hyperchlor- 
hydria, and 3 a “towering” high free acid- 
ity. The latter 3 were 87, 94 and 85 respec- 


* 
* Since this paper was read references 8 and 16 have appeared. 
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tively, the lay Æ having red counts of 
1,840,000 and Nffo,coo respectively. Ten 
cases had a severe'Nnemia varying between 
800,000 and 2,820,050 ted blood cells per 
cubic millimeter. 

Four had epigastric pain which had no 
definite relation to meals. Ten had symp- 
toms highly suggestive or indicative of pep- 
tic ulcer, pain coming on from one to three 
hours after meals, relieved partially or com- 
pletely by food or aalies or both. On the 
other hand, 2 cases with symptoms sugges- 
tive of duodenal ulcer had normal gastric 
acidity and a normal duodenum bv roent- 
gen examination. 

We feel that these studies have a direct 
bearing on the problem of differential diag- 
nosis and treatment of patients complain- 
ing of symptoms of, or symptoms simulat- 
ing a duodenal ulcer. 

Although ankylostomiasis is not frequent 
in this country, after reviewing these cases 
it seems desirable to keep it in mind, espe- 
cially where patients have such different 
and varied occupations and come from such 
different classes of society. ' 

Most gratifying results may be obtained 
through a correct etiologic diagnosis fol- 
lowed by an effective and specific treat- 
ment. Compare, on the one hand, a patient 
with an ankvlostomal duodenitis with an- 
other who has a non-ankvlostomal duo- 
denitis or duodenal ulcer. Both patients 
present essentially similar symptoms. 

The former is relieved of symptoms on 
the second dav after the administration of 
the vermifuge and 1s completelv cured in 
from eleven to twentv-four days.* The pa- 
tient's activities are limited only during the 
period when the vermifuge 1s administered, 
after which normal activity and diet are 
resumed. On the other hand, a patient suf- 
fering from a non-ankylostomal duodenitis 
or a duodenal ulcer will require a prolonged 
expensive and strict dietary regimen and in 


* [t is evident that “cure” refers to the condition of the duo- 
denum and accompanying signs and symptoms. Severe anemia 
and other complications accompanying long-standing and severe 
infections present aspects of the disease not under consideration 
in this paper. Such conditions @id not come up for primary con- 
sideration in this series of cases. 
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most cases the patient's activities are re- 
. ^ . a 
stricted for a relatively longer period. 


CONCLUSIONS 


Gastrointestinal disturbances caused by 
hookworm disease may produce symptoms 
closely simulating duodenal ulcer. 

Estimation of free gastric acidity shows 
a rise to a levgl higher than that obtained 
in duodenal ulcer. In spite ef varving de- 
grees of severe anemia, such a high gastric 
acidity is maintained. Roentgenological 
studies of these cases show evidence of swell- 
ing of the duodenal mucosa, inconstant de- 
formity of the duodenal bulb (duodenitis 
without ulcer niche), hyperperistalsis of 


stomach and duodenum, and, commonly, 
reversed peristalsis of the duodenum with- 
out obstruction. Administration of a vermi- 
fuge successfully results in the elimination 
of epigastric pain within twenty-four hours, 
and the eestoration of the duodenal wall in 
from eleven to twenty-four days. 
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DEVELO 


[ENT, CLINICAL MANIFESTATIONS, AND 


TREATMENT OF RHEUMATOID ARTHRITIS OF 
"THE APOPHYSEAL INTERVERTEBRAL JOINTS 


By ALBERT OPPENHEIMER, M.D.* 


Department of Roentgenology, School of Medicine, American University of Beirut 
BEIRUT, LEBANON, SYRIA 


I. OBJECT OF STUDY 

N ANALYZING. diseases which are 

grouped with asfritis of the spine, it is 
useful to make a distinction between le- 
sions of the vertebral symphyses and 
lesions of the apophyseal joints. The name 
vertebral symphysis 1s used in this paper to 
designate the articulation between two 
vertebral bodies and the intervening verte- 
bral disc, since this junction is a synchon- 
drosis or symphysis like the pubic sym- 
physis.! The apophyseal joint, which con- 
nects contiguous articular processes, is a 
synovial or diarthrodial articulation like 
the joints of the limbs. This anatomical 
difference has its clinical significance. 
Previous observations suggested that the 
mobilitv of the spine depends on the integ- 
rity of the apophyseal joints rather* than 
on the condition of the vertebral symphyses 
and ligaments.'^!* In continuation of these 
studies a group of patients has been ex- 
amined in whom severe stiffness of the 
back or neck was present, together with 
other variable symptoms conforming to 
the clinical picture of Strtimpell-Marie 
disease or rhizomelic spondylosis. The 
anatomical lesion associated with this syn- 
drome is quite distinctive, but has been 
variously interpreted, e.g., as a decalcifica- 
tion of bone followed by ossification of 
fibrous tissue," a syndesmotic type of 
spondylitis;™ an ossifving disease of the 
vertebral ligaments;? an atrophic spondy- 
litis; or an ankylosing arthritis of the 
apophyseal joints.*:^?* All of these theories 
are based upon postmortem findings. But 
since “one does not die from rhizomelic 
spondylosis,” autopsy usually discloses 
only the advanced stages during which the 
primary lesion is almost invariably. over- 
grown by reparative or incidental changes. 


* Now at Laconia Hospital, Laconia, New Hampshire. 
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Hence the pathology of the initial lesion is 
not vet sufficfently known, and these ana- 
tomical findings do not explain adequately 
the clinical manifestations which were 
present during earlier stages. In order to 
correlate clinical afd anatomical findings 
it is necessary to compare the clinical manı- 
festations present at any one time with the 
lesion that is present at the same time. If, 
from a study of these correlations, we could 
learn to recognize the anatomic leson in 
its incipient phase, we may hope perhaps 
to treat more effectively this disease which 
has hitherto been incurable because its 
diagnosis is usually made at an advanced 
stage, when restitution to the normal can 
no longer be expected. On the basis of ob- 
servations about the gradual evolution of 
the clinical and of the corresponding ana- 
tomical pictures, the attempt 1s made in 
this paper to answer three questions: 


— 


. In which part of the vertebra is the 
primary lesion localized and of what 
nature Is 1t? 

What produces® thè  characeeristic 
stiffness of the back and neck present 
in this disease? 

Cai? treatment be directed by the 
findings? 


t 


Ld 
a 
* 


METHOD 
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Fifty patients with severe stiffness of 
the back and/or neck, and with other 
variable symptoms, were examined during 
the vears 1934-1941; 12 of them at least 
twice at different intervals. The findings 
were compared with those of two control 
series: (1) £go patients with stiffness of 
back and/or neck not caused by vertebral 
disease; (2) 50 patients with lesions con- 


fined to the vertebral symphyses, with or e 


without clinical symptoms. In addition to 


‘of the two control series. 


50 Albert Oppenhgimer e 


FiG. 1. A picture falsely suggestive of a lesion is produced by a slight technical inaccur: Cy. 
A, correct incidence at an angle of 18? 


a baal woman aged twenty-one. 


Joints normal (arrows). 


B, deviation of a from the position shown in 4 renders the Joint spaces HACEN le, thereby suggesting 


atilcvinde (arrows). 


physical and laboratory examingtions a 
studv of vertebral movements was made 
in every case and was recorded on photo- 
graphs, roentgenograms, or both, in 3g 
patients of the first group, and in 42 cases 
Roentgenograms 
were always made of the entire spine, 
regardless of the seat of symptoms. The 


— MALES 
e ~~" FEMALES 


76 of cases 


40 141-50 [51-60 years 


Age distribution of onset of 
vertebral symptoms. 


Fic. 2. 


è e : s 16 
technique has been previously described." 
Accurate positioning is necessary. Since 


e the facets of the articular processes vary in 


direction® :!6 the findings have to be veri- 


hed in many cases on roentgenograms 
repeated at slightly different angles. Devia- 
tions from the angle required in the indi- 
vidual case may result in appearances 
falsely suggestive of ankylosis (Fig. 1). 
Owirte to the general limitations of roent- 
gen interpretation some findings remain 
ambiguous even after several examinations; 
5 such cases have not been ingladed | In this 
report. 


III. INCIDENCE AND DISTRIBUTION 


The 50 cases represent 3.2 per cent of all 
vertebral lesions observed between 193 34. 
and 1941 in the Department of Roent- 
genology of the American University Hos- 
pitals, ve Twelve of the patients were 
female (24 per cent). Both the total inci- 
dence and the percentage of female cases 
are greater than reported bv other writ- 
ers.^ ^?" Although the roentgen technique 
used in our series discloses slight and in- 
cipient which cannot always ne 
shown on conventional roentgenograms,! 
this can hardly account for the relativ ely 
large number of cases observed in Beirut, 
since, using the same technique, I found 
that in Europe and ig the United States 
these cases total 0.9 and 1.1 per cent re- 


lesions 


Thoracic spine of 
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9, No.1 
spectively of all vifrtebral lesions which I 
/ examined. i 
e The age ‘distribution (Fig. 2) shows a 
peak for the onset of'symptóms in the 
segond decade. The tendency to onset at a 
slightly later period in women, as seen on 
the graph, corresponds to the observation 
that all types of arthritis begin later in 
women than in men.” The onset of symp- 
toms other than vertebral has not been 
taken into account dre. The “prespondy- 
litic" manifestations? ranged from recur- 
rent muscle ache to severe arthritis of 
beripheral joints; but their real nature 
could .not always. be inferred from the 
histories or clinical data. 


IV. ETIOLOGY 


The histories and findings failed to sug- 
gest tangible etiologic factors in 22 in- 
stances. For the remaining 28 patients (56 
per cent) the probable etiology is presented 
in: Table 1. 

Column 1 includes patients with a 
gonorrheal infection which preceded the 
onset of vertebral or articular symptoms by 
not more than four months, as well as 
patients with chronic gonorrhea proved 
bacteriologically. Three-cases with a his- 
tory of neisserian infection are not included 
because of an interval of over four years 
between infection and onset of symptoms, 
. in the absence of chronic gonorrhea. Four 
other patients acquired gonorrhea several 
years after the onset of vertebral pain. Of 
. the 2 persons with a history of trauma, 

column 2, one had fallen onto.his back 
from a height of about 12 ft., the other had 
been severely beaten on the back. Both 
stated, and witnesses confirmed, that pain 
and stiffness of the back began within one 
week after the trauma. This unusual eti- 
ology was also recorded by Pierre Marie in 
.one instance." Under the heading "'ex- 
posure,” in column 3, patients are listed 
who; prior to the onset of symptoms, had 
been working barefooted in irrigated fields 
during winter, or had been flooded, trapped 
in snow, or the like. Two such cases are not 
included, being presented. in column 4 
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because they developed rheumatic fever 
immediately after an exposure of this kind. 
In the patients of column 4, with rheumatic 
fever, the vertebral disease was preceded 
by pain and swelling of several peripheral 
joints and fever of not less than five weeks' 
duration; in 3 of these cases, one or several 
petipheral joints were still swollen, and 
body temperature Y was still elevated, at the 
e 


Taste Loos 


CAUSE oF. THE CONDITION 


I 2s 4 5 
Gonor- Trauma Exposure Pn Chronic 
rhea to Cold Peye, Sinus 

fever 
10=20% 224% 3=6% 9=18% 4=8% 


time when the spine was examined. The 
cases classified under the héading "chronic 
sinus,” in column 5, form a distinct group 
with findings, apparently not yet described, 
to be reported separately.* In these pa- 
tients the vertebral lesion was confined to 
spinal segments located at the level of a 
chronic discharging’ lesion of the soft 
tissues of the back or neck. For instance, in 
a patient who had suffered from recurrent 
carbuncles of the neck for about five years, 
only the cervical vertebrae were involved. 
In the other cases the lumbar vertebrae 
were found diseased in that region in 


which the soft tissue lesion was located. 


Since these were no signs of vertebral 
tuberculosis, nor of a macroscopic connec- 
tion between the spine and the fistula, it 
was assumed that the vertebral lesion was 
not the cause, but the result, of the soft 
tissue lesion, in analogy to. the ankylosis of 
the wrist Joint which sometimes develops as 
a sequela of whitlow of a finger tip.¥ 

Foci of infection in the teeth, tonsils, or 
paranasal sinuses were noted in 6 patients 
of the rheumatic fever group. Sundry other 
infections, such as chronic malaria, recur- 
rent cystitis, amebiasis, were present in 


* Oppenheimer, A. Paravertebral abscesses ERE with 
Strümpell-Marie disease. Y. Bone & Joint Surg., January, 1943. 
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some other patients. Chronic pulmonary 
lesions, recorded. by early investigators;*? 


were not observed in this series, although 


I observed the coexistence of lung abscess 
with Strümpell-Marie disease in 2 cases 
not included in this report. The influence 
of hereditary, endocrine, or metabolic 


factors could not be ascertained; none of 


the patients was a member of.a “rheu- 
matic” family. The occupajion of the pa- 
tients did no€ seem to play a part: there 
were 10 tradesmen, 8 artisans, 6 laborers, 
5 peasants, 5 professional men, 8 house- 
wives, and 8 persons without occupation in 
this series. 

The patients came from various parts of 
the Near East which differ considerably in 
climate: the desert, seashore, plains, and 
high mountains. Hence a distinctive cli- 
matic factor can hardly account for the 
high incidence. of Strümpell-Marie disease 
in this part o& the world. But since the 
"macro-climate" may be less important 
than the "micro-climate" in the etiology 
of rheumatism,” one may speculate 





whether the custom $f the Near Eas 
people to sleep on blahkets or thin mat- 
tresses placed on stone floors, together with 
the absence of heating appliances, may ° 
induce rheumatic disease in susceptible 
persons. In most parts of the Near Ea&t, 
winter is a rainy rather than a cold season; 
but owing to the excessive humidity during 
this period the houses are damp and chilly 
for several months of the year. Most 
foreigners, therefore, find the winter harder 
to bear in Syria than, €.g. in New England 
or Canada. During winter the Oriental 
often puts on his overcoat when he enters 
a house, to take it off again when he leaves. 
Of course, no conclusions can be drawn 
from such general impressions. 


V. THE ESSENTIAL LESION AND 
ITS DEVELOPMENT 


According to the findings presented in 
Table 11, lesions of the apophyseal joints 
were demonstrable in all the 50 cases (100 
per cent); in 9 of these (18 per cent) no 
other parts of the vertebrae showed evi- 


TABLE III, 


STRÜMPELL-MARIE DISEASE: FINDINGS RECORDED IN THE CLASSICAL' PAPERS 





Clinical Findings 

















Postmortem Findings 
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Fic. 3. Case $5. Stage 1. Æ, severe rarefaction of the articular processes of the left sth lumbar apophyseal joint; 
joint space invisible owing to the dissolution of the bony outlines (arrow). B, normal gight side for com- 
parison. C, seven weeks later, one month after termination of roentgen therapy, the inv®lved joint has re- 
sumed normal appearances (arrow). D, maximum amount of sidewards flexion of which the patient was 
capable at the time when roentgenograms ;7 and B were taken. Slight lateral bending of the body was 
achieved by means of lifting of the pelvis on the convex side (horizontal line), but the spine itself was 1m- 
movable (vertical line). The patient was bedfast owing to incapacitating pain in lower back. Complete 
recovery occurred within three weeks after beginning of roentgen therapy. The patient has been free of 

™ symptoms for over two years since, i 
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TABLE IV 
° SERIAL ROENTGEN EXAMINATIONS 
~N | . 
Case | Date Observations e 
Feb. 19, 1936 | Lumbar articular processes rarefied; lumbar facets scalloped, with narrowed Joist 
I spaces. Lig. flav. and longit. lig. at L 1v/v ossified. Lumbar vertebral bodies rarefied. 
Sacroiliacs ragged. Discs normal. Cervical and thoracic regions not examined. 
| - Penn A bá 
Dec. 1,1937 | All lumbar apophyseal joints now ankylosed. Lig. flav. and long. lig. now ossified 
from L 1 tq L v. Sacroiliacs in beginning ankylosis. The thoracic vertebrae show the 
2 same changes that were previously present in the lumbar vertebrae. Cervical spine 
‘ normal. ~ 
sp isi lc teens ig i i 
Feb. 3,1938 | Lumbar spine unchanged. Thoracic apophyseal joints now ankylosed; with ossifica- 
tian of the thoracic longit. lig. and lig. flava. Cervical apophyseal joint spaces 
slightly narrowed, with beginning ossification of long. lig. 
Aug. 7,1940 | Practically unchanged. 

2 Nov. 22, 1938 | Lumbar and thoracic apophyseal joints ankylosed, with rarefied articular processes, 
. and rarefied vertebral bodies. Cervical spine normal. Sacroiliacs ragged. No ossifi- 
| cation of ligaments. 

May 1, 1939 Entirely unchanged. 

3 May 6,1937 | Lumbar articular processes rarefied, with ragged facets and narrow joint spaces. 
Thoracic apophyseal joints ankylosed. Cervical spine normal. Lumbar and thoracic 
vertebral bodies rarefied. Lumbar lig. flava ossified; thoracic longit. lig. ossified at 
D xi-xir. All other ligaments normal. Sacroiliags ragged. 

| May 27, 1939 | Lumbar apophyseal joints now ankelosed. Lumbar long. lig. ossified. Sacroiliacs 
y 27, 1939 ysea g. lig 
ankylosed. Otherwise unchanged. 

4 | Apr. 2,1939 | The 2nd lumbar and the sth cervical apophyseal joints have rarefied articular 
| processes, narrow joint spaces, and blurred outlines. Spine otherwise normal. 
| Sacroiliacs normal. 

e May 19, 1939 o (After roentgen therapy.) Unchanged. 
| 
| Apr. 10, 1940 | Unchanged. 
5 | June 6,1934 | The cervical, fhoracic, and lumbar apophyseal joints have rarefied articular 
processes, narrow Joint spaces, and ragged facets. All vertebral bodies rarefied. 
~ Ligaments normal except for slight ossification of long. lig. at the level of L rm. 
e ` eye > E" s 
Sacroiliac, costovertebraf, and hip joints have narrowed spaces and blurred outlines. 
ee |e ——— ——————— 
Dec. 10,1936 | The thoracic apophyseal joints are now ankylosed. The appearances of the cervical 
and lumbar apophyseal Joints have not changed, except for a definite decrease of 
E g ; : s ; s e 
rarefaction of the articular processes. All the lig. flava are ossified. Longit. lig. un- 
changed. Sacroiliacs ankylosed. Costovertebral and hip joints unchanged. 
EA 1 
June 6,1939 | Essentially unchanged, except for increased ossification of the lig. lava. Both the 
vertebral bodies and the articular processes have regained normal density. Moder- 
r ate increase of ossification of the lumbar longit. lig. 
e 
6 | Apr. 3,1939 | Lumbar apophyseal joints have rough facets and narrow joint spaces. Thoracic and 
cervical segments not properly examined. Sacroiliacs normal. Ligaments normal. 
: E s 
, . 
e : è " e 
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TABLE IV—Continued 























Observations 





(After roentgen therapy.) Lumbar facets smoother, joint spaces apparently wider. 
Sacroiliacs scalloped. Thoracic apophyseal joints ankylosed, with ossification of 
long. lig. Hip joints involved (Fig. g). 





Beginning ankylosis of hip joints. Complete ankylosis of sacroiliacs. Otherwise 


LI . * e 3? . 
The cervical and lumbar apophyseal joints have rarefied articular peocesses, narrow 
joint spaces, and rough facets. Vertebral bodies and ligaments normal. Sacroiliac 
and hip joints have scalloped outlines. Thoracic spine normal. 














Unchanged. Nothing pathological. 








The lumbar facets have become eburnated. Otherwise no,change. 


The cervical apophyseal joints are now ankylosed, and the cervical lig. flava and 
long. lig. are ossified. Otherwise no change. 





The 4th lumbar apophyseal joint only is involved: its articular processes are so 
strongly rarefied as to be almost indistinguishable, and the joint space is coyered 
by a hazy shadow (Fig. 3). 





(After roentgen therapy.) The involved 4th lumbar apophyseal joint is now normal. 


Unchanged. Nothing pathological. 


e . T . 
Lumbar and thoracic apophyseal joints ankylosed. Lumbar vertebral bodies moder- 
ately rarefied. Thoracialig. flava and long. lig. ossified; the other ligaments normal. 
Sacroiliacs ankylosed. 


| The lumbar vertebral bodies have regained normal density. Otherwise no change. 





The 2nd lumbar apoph vseal joint has ragged facets and a narrow joint space. The 
sacroiliac articular surfaces are eburnated and scalloped. Ligaments normal. 





" pay a e EI 
The ragged facets of the 2nd lumbar apophyseal joint have become eburnated. 
Otherwise no change. 





All the apophyseal joints have narrowed joist spaces; the lumbar apophyseal joints 


have rough facets. The lumbar and cervical lig. flava are ossified. Sacroiliacs almost 

ankylosed. Hip joints blurred. ? . 
MERECE Te-—————  —PE 

The thoracic and cervical apophyseal joints are almost ankylosed. he lumbar 

facets have become eburnated. The long. lig. and all the lig. flava are now ossified. 

Sacroiliacs and hip joints unchanged. 





Arthritis of both hands. The 2nd and 3rd cervical apophyseal Joints have ragged 


facets and narrow joint spaces. Spine otherwise normal. Hip and sacroiliac joints 





Ankylosis of 2nd, 3rd, and 4th cervical apophyseal joints, with essification of lig. 
® 


flava at this level. Otherwise no change. 





. ¢ 
Case | Date 
* 

Mar. 29, 1940 

e 
Oct. 29, 1940 

unchanged. 
7 Keb. 6, 1940 
" Apr. 4,1940 
Feb. 27, 1941 
8 Dec. 18, 1939 
| Feb. 2,1940 
Apr. 6,1940 
Feb. 27, 1941 
9 | Nov. 6,1939 
Feb. 23, 1940 
10 Dec. 29, 1939 
Mar. 11, 1940 
L1 June 23, 1939 
Feb. 19, 1941 
— -—— 
12 | May 18, 1936 
normal. 
Apr. 2,1939 
E 
* 
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hic. 4. Case 4. Stage 1. Rarefaction of 4th lumbar 
articular processes (black arrow), outlines of joint 
space blurred (white arrows). Compare with 
normal subjacent joint. The superjacent joint 
shows slight roughening of the articular surfaces 
(facets), corresponding to an early phase of Stage 
I. 


dence of disease. Hence involvement of the 
apophvseal joints is considered here the 
esseptial lesioa asgociated with the type of 
rigidity under discussion. 

This observation is not new. In the clas- 
sical papers ankylosis of the eapophyseal 
joints was recorded in all the cases of verte- 
bral stiffness *n which autopsy was made 
(Table n4); but the finding was not re- 
garded as significant.?*"4 Soon after 
Marie’s first and Strümpell's second article 
had been published, Sivén® and Fraenkel’ 
reported arthritis of the apophyseal joints 
as the main lesion in cases of rhizomelic 
spondylosis. The presence of some more 
salient anatomic change, such as softening 
of bone or dssification of ligaments, to- 
gether with the peculiar localization in 
spine and hips, seems to have led most other 
workers to discount the constant but less 


JaNUSR v, 15943 
, 


* ` x 
spectacular lesion of tlie apophyseal joints. 


Since the alterations in other vertebral | 


parts are neither constant nor, if present, ^ 


always of the same kind, interpretations 
became conflicting. Present concepts, in- 
cluding Lawford Knaggs' accepted views??? 
are still based upon the theories which 
were offered by early investigators on 
account of only two postmortem records.?:? 
The data classified in Tables 11 and iv 
suggest that there are three fairly distinct 
stages in the development of the lesion. 
Stage I. Early phase. The main sign is 
stippled or diffuse rarefaction of articular 
processes, ranging from slight loss of the 





9 
Fic. §. Case 14. Stage ri. Rarefaction of articular 
processes with severe narrowing of the joint space 
in the 4th lumbar apophyseal articulation (white 
arrows). Narrowing of the joint space with ragged 
and condensed facets in the superjacent joint 
(black arrows). The findings show that the ap- 
pearances may vary from joint to Joint even in 
the same vertebral section, hypertrophic reactions 
being sometimes superadded to an originally 
atrophic arthritis. 


~ 
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RESIDUAL 
JOINT SPACE 


MARGINAL 
ANKY LOSIS 


eon. 


Fic. 6. Difference between circling and complete ankylosis. 


to the marginal regions. Compare with normal subjacent joint ( 


(arrow). See the text. 


density to almost complete dissolution of 


the structure of the bone. The facets of the 
involved articular processes have indistinct 
ouflines. The intervening joint space 1s 
slightly narrowed and sometimes clouded. 
There is no rarefaction of the vertebral 
bodies, and no ossification of ligaments. In 
one case (Fig. 3) the involved parts re- 
sumed normal appearances after treat- 
ment, and the clinical symptoms subsided 
completely. This seems to indicate that the 
morbid reaction is re®ersible at this stage. 





Rheumatoid Arthritis of the Apophyseal Intervertebral Joints $9 
: i : 


bd... 


A, circling ankylosis of 3rd lumbar apophyseal 
joint (white arrows): the joint space is still preserved in its central parts, bony bridging being confined 


(black arrows). B, complete bong ankylosis 


° 

Stage II. Moderately advanced phase. 
The main sign is erosion, roughness, Or 
scalloping of the facets, and definite nar- 
rowing of the joint space between them. 
Often, but not always, the corresponding 
articular processes are increased in density 
and the vertebral bodies rarefied. This 
contrasting. coexistence of rarefaction in 
one part with increased bone density in 
another part of the same vertebra is almost 
characteristic of Stage 11. Small osteophytes 
are sometimes present at the edges of the 
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facets. At the level of the involved seg- 
ments slight or incomplete ossification of 
the ligaments may be visible. Although 
occasionally some of these changes become 
less definite after treatment (Fig. 9), there 
is no conclusive evidence to show that the 
condition is still reversible at Stage 11. But 
the appearances may remain unchanged 
for many years, showing that the lesion 
may become arrested at Stage 1 at least 
for a long period. In other cases the disease 





JaNU RA, iç 
N N 
density at Stage 111. Ossification of liga- 
ments may be absent at Stage rir (Fig. 8); 
if present, it usually is strongly marked 
and extensive. ° 
The findings also show that the lesion is 
confined to one or a small number of apo- 
physeal joints at Stage 1; at Stages 11 and 
II1 it may be either systemic or localized. 
Except at very late stages, when virtually 
all the apophyseal joints are ankylosed, 
the involved articulations are not all 


Hic. 7. Case 45. Stage 111. Thoracic spine. Development of ankylosis. .7, joint space clearly outlined, facets and 
articular processes normal (arrows). B, seven months later, the same joint 1s ankylosed, the joint space 
being filled with bony substance (arrows). The ligamentum flavum has become ossified (dotted arrow). 


progresses more or less rapidlv towards 
Stage III. ^ e 

Stage III. Terminal phase. The main 
sign is ankylosis of the apophyseal joints 
by means of bony union: eithes complete, 
with fusion of contiguous facets and dis- 
appearance of the intervening joint space; 
or marginal, whereby the central part of 
the joint space remains radiolucent and 
the bony connection extends along the 
external or capsular region of the joint 
(Fig. 6, 4 and B). When it occurs in pe- 
ripheral joints, this marginal ankylosis is 
sometimes named ankylose cerclée (circling 
ankylosis) in French publications. Rare- 
faction of veftebral bodies, if present, is 
usually less definite than at Stage 11; in 
fact, vertebral bodies which were found 
rarefied at Stage 11 may regain normal 


affected in the same degree: complete bony 
ankylosis in one joint may coexist with an 
incipient lesion of other joints, and several 
stages may be present simultaneously in 
the same person, and even in the same 
vertebral region (Fig. 4, 5 and 8). 

The periods during which the lesion 
progresses from Stage 1 to Stage 11 or 11 
differ considerably from case to case 
(Table v). Stage 11 may be reached within 
one year; but the disease may also becftme 
arrested at Stage 11 for over twenty-five 
years. During the period extending from 
three to about thirty years after the onset 
of symptoms, the number of cases of Stage 
I 1s approximately equal to the number 
of cases of Stage ur. This fact is of some 
diagnostic importance, since at Stage mn 
the lesion is usually’ confined to, or most 


M . . a 
VoL. 4 No. | r ES Arthritis of tpe Apophyseal Intervertebral Joints 61 





e 

Fic. 8. Case 48. Almost all of the synovial joints of the body were involved. 4, narrowing of joint spaces of 
wrist, with partial ankylosis, rarefaction of bones, but also some moderate condensation on radial side. 
B, some of the cervical apophyseal joints are ankylosed (black arrow), others show narrewed joint spaces 
with ragged and condensed facets (white arrow). Rarefaction of articular processes. C, knee ankylosed in 
flexed position, articular bone rarefied, but also some marginal overgrowth. D, the 4th and sth lumbar 
apophyseal joints are ankylosed (arrows), while the 3rd has a very narrow joint space with ragged and 
condensed facets (arrow et X). Lesion strictly confined to the apophyseal joints; the vertebral bodies, discs 
and ligaments are not involved. Clinically, a typical instance of Strümpell-Marie disease. Note that the 
lesions of the apophyseal joints are identical in type with those of the peripheral articulations. ii 
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TABLE V 
RELATION BETWEEN STAGES AND DURATION OF SYMPTOMS 
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| | | | | e 
Stager | 4 -= | | 5 
Stage II | 5 | 3 5 3 4 | | | 24 
Stage 111 I 3 5 3 4 | 3 I I 21 
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definite in, the apophyseal joints. Ossifi- 
cation of ligaments, which is often con- 
sidered a diagnostic, criterion, is not con- 
spicuous at Stage 11, if present at all. Since 
a lesion of the apophyseal joints is not 
always demonstrable by the conventional 
roentgenographic technique," a number 
of gases may have escaped recognition, or 
may have been grouped with "entities" 
to which thev do not belong in realitv. I 
recovered ameng mv own records 8 such 
cases which I had previousl# labelled 
fibrositis, vertebral rarefaction, or obscure 
rheumatic disease. 


VI. ACCOMPANYING LESIONS OF 
VERTEBRAE AND PELVIS 


A. Rarefaction of Vertebral Bodies. This 
is distinct from the rarefaction which is 
confined to the articular processes during 
stage r. The vertebral bodies were found 
to be rarefied in 26 cases (52 per cent). This 
rarefaction was dbsent in all the cases of 
Stage 1, but present in 75 per cent of the 


THE 


cases of Stage 11 and in 25 per cent of the 
cases of Stage 111. This decreasing frequency 
of rarefaction at Stage III is in accord WAS 
the observation showing that the vertebral 
bodies tend to regain normal density when 
bony ankylosis of the apophyseal joints 
has taken place.! For example, in Case 26, 
Table 11 (No. 5 of Table iv), the vertebral 
bodies were stronglv rarefied in June, 1934; 
but their density was normal again in 
December, 1936, and was still normal 
June, 1939, when ankylosis of the apophys- 
eal joints was found to be complete. 

These observations show that rare- 
faction of vertebral bodies, being neither a 
constant nor an early sign of Strümpell- 
Marie disease, cannot be considered 
pathognomonic. 

B. Ossification of vertebral ligaments, 
which is easily demonstrable on roentgeno- 
grams made in the tangential projection, 
is not always visible in routine views.!? 
Ossification of the longitudinal and inter- 
spinous ligaments was analyzed on lateral 
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. lABLE VI 
: OSSIFICATION OF VERTEBRAL LIGAMENTS 
=o —— — o - - n 
ə | Stage I Stage II | Stage m1 — Total * 
é : : E è 
Flava alone | — 2 4 6 
Flava and longitudinal — I 6 7 e 
Flava, longitudinal and interspinous - 3 5 8 
Longitudinal alone | -— 5 3 8 
Longitudinal and interspinous | — 2 — 2 
Interspinous alone — — — O 
Flava and intergpinous | 2 3 " 
See S — = = ——— 
r | 
Total O | l4 = 20= | 34.7 
| 58% of cases | 95% of cases 68% of all E 
of stage 11 of gtage 111 cases 
— © « 
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Fic. 9. Case 45. Result of roentgen therapy. Lumbosacral Junction. 4, rarefaction of superjacent articular 
process of sth lumbar apophyseal joint; facets blurred; joint space almost invisible. B, two months later, 
after termination of roentgen treatment, rarefaction is no longer definite, normal bone density beire re- 
gained; the joint space has become visible rather clearly. The patient, bedridden when treatment was be- 


gun, resumed his normal occupation two weeks af 
for over a year since. 


views; of the ligamenta flava, on oblique 
views; and of the lateral fibers of the an- 
terior longitudinal ligament, on antero- 
posterior views. Table vi shows that ossifi- 
cation was present in none of the casés of 
Stage 1, in one-half of the cases of Stage 11, 
and in a majority of cases of Stage 111. The 
ligaments close to the neural arch and 
apophyseal joints were found to be ossified 
more frequently and more markedly than 
those of the more ventral parts. The corre- 
lation between the degree of ossification 
and the three stages of the apophvseal 
lesion was analvzed on roentgenograms of 
the anterior longitudinal ligaments which 








ter its termination and has remained free of symptoms 


can be studied more accurately than the 
less accessible ligaments of the posterior 
parts of the spine. In Table vir, "grade A^ 
implies the presence of small thorn-like 
ossifications at the edges of the vertebral 
bodies, resembling osteophytes but for 
their smaller size and lesser density. "Grade 
p" means additional patchy and incomplete 
ossification extending further across the 
intervertebral space. "Grade c" signifies 
complete bridging of th$s sace. No essifi- 
cation was present at Stage 1; there was a 
fairlv uniform distribution of the three 
grades at'"Stage 11; and grade c, was pre- 
dominant at Stage i1. It should be noted 
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TABLeE VII 2 
OSSIFICATION OF LONGITUDINAL LIGAMENTS 
- o | | o | r " wi 
Stage 1 Stage I Stage 111 l'otal 
Grade A - : 3 
Grade B 6 
Grade C 12 16 
u = = - Axe - -ga | = 
r ` e 
Total O 2 = [5 es 25 = 


so% of cases 
of stage II 


50% of all 
all cases 


61% of cases 
of stage III 








64 Albert Oppenpeimeg N 


that this correlation between the degree of losis. The data of Table viii show that the. 
in- . 
creases as the lesion of the apophyseal , 


ossification and the stages of the lesion was 
entirely independent of the duration of the 
disease. This is perhaps not surprising, as 
the degree of the changes in the apophyseal 
joints also does not depend on the time 
factor. 

The data, in conjunction with those pre- 
sented in Table 1v, indicate that ossifica- 
tion of ligaments begins to appear when 


























Tase VIII 
INCIDENCE OF SARCROILIAC INVOLVEMENT 
———— M — - .* =e -— = — — — 
Stage I | Stage II Stage III 
Grade A 3 —- — 
Grade B — | E | 7 
» ^ ` 
Ema, “rade C = | [2 IO 
E | l -_ 
Total 3=60% 23 =96% 17 =819 
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the disease is moderately advanctd. Ossifi- 
cation of ligaments lags behind the develop- 
ment of the apophyseal joint lesion and is 
not a constant finding. This does not sup- 


"port the view that the clinical syndrome 


of Strümpell-Marie disease is caused by a 
systemic ossification of ligaments. In one- 
third of our patients of this group, no ossifi- 
cation could be demonstrated in the differ- 
ent vertebral ligaments. 

C. Involvement U the sacroiliac joints, 
ranging from blurring of the joint outlines 
to complete bony ankvlosis, was present 
In 43 instances (86 per cent). In the remain- 
Ing 7 patients (14 per cent) the sacroiliac 
joints were narmal both on clinical exam- 
ination and roentgenologically; in tlfese 
cases, the*ipophvyseal joint lesion was con- 
fined to the thoracic or cervical vertebrae. 
In Table vir, in which the roentgeno- 
graphic findings are grouped according to 
their degree and in conjunction with the 
three stages of the disease, "grade a” 
implies blurring of the sacroiliac articular 
outlines; "grade m," scalloping of the 
articular surfaces with or without eburna- 
tion of,the adjacent bone; "grade c," 


d 


complete or almost complete bony ankv- 
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incidence of sacroiliac involvement 
joints evolves towards Stage in. But thg 
severity of the sacroiliac lesion is not pro- 
portional to the severity of the apophyseal 
lesion. Ankylosis of the sacroiliac joints 
may either precede or follow ankylosis of 
the apophyseal joints. For example, in 
Case 45 (No. 6 of Table 1v), the sacroiliac 
Joints were still normal when the apophys- 
eal joints were already completely deky- 
losed; but one year later the sacroiltgc 
articular surfaces became ragged, and this 
appearance did not change during the sub- 
sequent six months. 

Since great diagnostic importance is 
usually given to the sacroiliac lesion, the 
following inferences from the above find- 
ings may have some significance: (1) the 
sacroiliac joints are not involved in every 
case, especially not when the disease begins 
In, or remains confined to, the cervical or 
thoracic segments; (2) even when the 
lumbar and lumbosacral apophyseal joints 
are involved, the sacroiliac joints may 
remain normal for periods of years. An 
early diagnosis cannot be based, therefore, 
upon the presence or absence of sacroiliac 
lesions. Their presence merely supports the 
diagnosis of Strümpell-Marie disease, but 
their absence does not disprove it. 

D. Involvement of the Costovertebral Joints. 
Diminished respiratory expansion of the 
chest, suggestive of involvement of the 
costovertebral joints, was noted in 31 cases 
(62 per cent), all of them at Stages 11 and 
irt. In 15 of these patients, roentgenograms 
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showed roughening, eburnation, or anky- e 


losis of these articulations. Owing to the 
great technical difficulties encountered in 
obtaining adequate roentgenograms *of 
these joints, the data could not be analyzed 
further. 

E. Involvement of the vertebral symphyses, 
shown by alterations of the intervertebral 
spaces and horizontal vertebral surfaces, 
was not demonstrable in this series of cases. 
It is true that fragmentation of the verte- 
bral disc cannot be Shown on roentgeno- 
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Fic. 10. Case 2. Stage 1. The left 3rd and 4th lumbar apophyseal joints have blurred facets and narrow Joint 
spaces (white arrows on insert left); the sacroiliac joints are involved (black arrow). Insert in center shows 
maximum amount of sidewards bénding of which the patient is capable: most of this motion is achieved 
by means of lifting of the pelvis and foot (arro) on the side of the convexity. The patient was not conscious” , 
of making these auxiliary movements. Roentgenogram taken during sidewards bending (upright position, 
4 ft.) reveals slight flexion of upper lumbar spine; the movement of the pelvis is indicated by the black line 
drawn parallel to the upper horizontal surface of the 1st sacral vertebra; the 3rd, 4th, and sth lumbar 


segments are almost completely rigid. 


grams at early stages; but it leads to nar- 
rowing of the corresponding interspace 
within less than one vear in most cases, and 
slight irregularities or eburnation of the 
vertebral surfaces become visible not much 
later, as a rule. The absence of such changes 
in patients whose vertebral symptoms had 
persisted for ten vears or more virtually 
excludes a lesion of vertebral symphyses in 
these cases. In 2 patients with Strümpell- 
Mairie disease not included in this report, 
several intervertebral spaces were found to 
be narrowed in segments distant from the 
vertebrae involved bv apophvseal joint 
lesions; this was interpreted as an acciden- 
tal coexistence of two distinct lesions. 

F. Involvement of the Pubic Symphysts. 
| have observed complete ossification of 
the pubic svmphvsif in 2 or 3 cases of 


Strümpell-Marie disease not recorded here; 
but in the present serigs, the pubic sym- 
physes appeared to be normal. In one case, 
the symphysis seemed to be bridged by 
what appeared to be an ossified ligament. 

In 3 cases irregular bony spikés, sugges- 
tive of ossification of muscées or tendons, 
projected from the inferior margins of the 
pubic and ischial bones. Rarefaction of the 
pubic bones was noted in 7 cases (14 per 
cent) in the simultaneous presence of rare- 
faction of vertebral bodies. 


VII. INVOLVEMENT OF OTHER JOINTS 


Limitation of movements and pain in 
one shoulder or both was a eommon symp- 
tom (42 cases: 84 per cent). The roentgen 
findings were negative except for 2 cases 
with complete ankvlosis of almost all the 
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joints of the body. I found it difficult to 
ascertain whether the symptoms were 
caused by arthritis, muscle spasm, or 
radicular neuritis. 

In 24 cases, pain and limited mobility 
were present in the hip joints (48 per cent); 
in 16 of these, roentgenograms disclosed 
lesions of these joints ranging from blurring 
of the articular outlines to almost complete 
ankylosis. 

Peripheral joints—fingers, toes, wrists, 
ankles, elbows, or knees—were found to be 
involved both clinically and roentgenologi- 
cally in 9 instances (1$ per cent). In 4 other 
patients there was pain, sometimes with 
some swelling, in peripheral joints in the ab- 
sence of definite evidence of arthritis. These 
patients had signs of radicular neuritis, 
and*the articular symptoms may have been 
due to radicular manifestations, since early 
stages of neurotrophic lesions cannot al- 
ways be distinguished from arthritis.’ 


VIII. COMMENTS 


The roentgen analysis of the lesions 
under discussion involves many sources of 


* error. There is, first, the fundamental 


limitation in the roentgenologic interpreta- 
tion of arthritis: the kev structures, carti- 
lage and synovial membrane, cannot be 
seen on roentgenograms except bv the use 
of auxiliary methods which are impracti- 
cable in the irmccessible apophvseal joints. 
Lesions of cartilage and svnovial mem- 
branes are recognized by inference rather 
than by, direct evidence, e.g., from the 
width of the joint space, or from erosion 
of the bony articular surfaces. Secqnd, 
technical factors add to this basic difficulty. 
The curved planes of the facets may over- 
lap, especially in the lumbar spine, thereby 
obscuring the joint space. In the thoracic 
segments adjacent bones often overshadow 
the articular processes. Like other compact 
bones, the articular processes do not easily 
undergo rarefaction; and rarefaction may 
not always bécome visible on roentgeno- 
grams. Variations of density in the articu- 
lar procésses are difficult to evaluate; dif- 
ferences in size, position, and amount of 
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cortical bone often cause normal articular» 
processes of the same vertebra to be of. 
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different density. Densitometry is not ap-, A 


plicable, as the density of intévenin 
viscera and of their contents is subject to 
excessive variations; and superimposition 
of intestinal gas upon a lumbar articular 
process, or of a bronchial lumen upon a 
thoracic facet, may produce appearances 
falsely indicative of rarefaction. On’ roent- 
genograms, thickening of the joint €avsule, 
which is easily demonstrable for th 
ripheral joints, is visible only exceptiona 
in the apophyseal joints. Finally, sinc 
early and active stages of arthritis are not 
often accessible to anatomic study, the 
roentgen interpretation of these lesions is 
not yet based on firm ground. 

For all these reasons the results of roent- 
gen studies of the apophyseal joints must 
be considered with reserve. The roentgeno- 
logic method is imperfect. But the anatomi- 
cal method also has its limitations. The 
condition seen at autopsy of many verte- 
bral lesions is essentially a scar. The mor- 
bid process Which produced the scar can- 
notebe recognized directly, but only by 
inference and analogy. Consequently, di- 
rect observation of the development of a 
vertebral lesion had to be attempted, even 
though with the method used the results 
could not be complete. Together with the 
complete but indirect anatomical evidence, 
the incomplete but direct roentgenologic 
evidence has its value. This is pointed out 
here because the inferences drawn from 
roentgen examinations made during life do 
not always tally with the conceptions 
reached by the purely anatomical ap- 
proach. 






IX. CLINICAL FINDINGS 

Laboratory findings in this series are fot 
sufficiently complete to allow statistical 
analvsis. The results of phvsical examina- 
tions are grouped in Table rx and Figure 
11 with the three stages and with the condi- 
tion of the apophyseal joints, vertebral 
bodies, and ligaments. 

There were three main clinical manifes- 
tations in this series: (1) stiffness of the 
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dude and/or neck; (2) pain and/or tender- 


b of the back and/or neck; (3) signs or 


. Symptoms of radicular neuritis. In Table 
and°Figure 11 "rigidity" means severe 


limitation of vertebral movements, with a 





t 


range of lateral lumbar flexion not exceed- 
ing 5 degrees, other motions being re- 
stricted proportionally. "Local pain" im- 
plies spontaneous pain in the neck and/or 
back, &sually associated with tenderness on 
pressar upon the spine about 1 inch to the 
lef or right of the spinous processes. 
or “radicular manifesta- 
' signifies frank radicular neuritis; 
pain Ne oom to the flanks or limbs in 
other than segmental distribution was not 
included, although 1t may be due to involve- 
ment of nerve roots in certain cases, since 
slight or incipient radicular neuritis cannot 
always be distinguished from referred 
pain.i.1$ 

The tabulated findings show that rigidity 
was associated with lesions of the apophys- 
eal joints in 100 per cent of the cases, 
regardless of the severity and extent of 
these lesions: patients with ah incipient or 
slight lesion confined to one single apophys- 
eal joint were found to be as stiff as patients 


TaBLe IX 


RELATION BETWEEN LESIONS AND SYMPTOMS 


Apophyseal Joints Involved in the 


Absence of 
Rarefaction Ossified Both rare- 
of vertebral T id faction and 
bodies igaments | ossification 

Local pain] 15 = 62.5%] 16= 95% | 7= 87.5% 
Radicular ; 
symptoms| 4= 16.6%| 5= 29% | 3= 37.6% 
Rigidity | 24210095 | 17=100% | 8=100% 
e : 


with bony ankylosis of most of the apo- 
physeal joints (Fig. 3). This rigidity was 
present in the absence of rarefaction of 
vertebral bodies, of ossification of liga- 
ments, and of other changes not involving 
the apophyseal joints. It has been shown 
that extensive ossification of vertebral liga- 
ments need not interfere with normal verte- 
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bral movements.? Although in biologic 
sciences a correlation of 100 per cent, which 
means a correlation coefficient of 1.0, is 
rightly considered to be too good to be true, 
the above findings seem to prove that the 


M 
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Fic. 11. Graph showing the clinical findings ob- 
served during the three stages, and the correlation 
of the apophyseal joint les®n with both rarefaction 
and ossification of ligaments. See the text. 


stiffness ef back or neck present in Strüm- 
pell-Marie disease is a direct and constant 
result of the apophyseal jotnt lesion under 
discussion. 

Local pàin, a constant symptom at 
Stage 1, was less frequent at Stage 11, and 
again less common at Stage III. This IS in 
accord with the classical descriptions which 
mention that pain subsides as the disease 
progresses. Local pain was independent of 
the condition of the vertebral bodies and 
ligaments in our series; Mke rigidity, it 
seemed to be caused by the lesion of the 
apophyseal joints alone. ` 

Radicular neuritis was noted in about 
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one-third of all cases; its incidence was 
highest at Stage 11 and lowest at Stage 111. 

In Table x the clinical manifestations 
are grouped in conjunction with the roent- 
genologic appearances of the’ apophyseal 
joints, considered according to the condi- 
tion of the articular processes, their facets, 
and joint spaces. Rigidity was present 
whenever one of these parts was involved. 
Local pain was constant in the presence of 
rarefied articular processes and/or of 
eroded facets, but comparatively rare in 


TABLE X 


RELATION BETWEEN LESIONS AND SYMPTOMS 


Radicular 
Local | Manifes- | Rigidity 
. Pain tations 
uns, = 

Articular 

processes 

rarefied 22 — 10005 | 6=27% 22 =100% 
Facets ragged| 24 —10096 | 5 =20.8% |,24 =100% 
Apophyseal 

joints 

ankylosed | 14= 70% | 8=38% 21 - Ioo06 


"the presence of ankylosis. The incidence of 


radicular manifestations was highest in the 
presence of ankylosis. This analysis does 
not add much to the results obtained from 
the data of Table 1x. 

Persistent contraction of muscles was 
noted in many,patjents, but was not tabu- 
lated since I did not know of an' objective 
diagnostic test. On palpation, the muscles 
involved, usually the hamstring group and 
the stretchers of the lower back, gave the 
impression of being thinner, harder, and 
less plfable than normal. In 47 patients ($4 
per cent) 8f both sexes, of different ages, 
and at different stages of the disease, a 
striking loss of the activity of the facial 
muscles was observed. This produced an 
inert or vacant expression which contrasted 
strongly with the lively facial activity 
commonly exhibited by Near East people. 
The absence of this play of expressions in 
our patients was therefore more conspicu- 
ous perhaps than in instances observed in 
other countries where persons are more 
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reluctant to show their feelings. EXcept, 
for a casual reference made by Marie in his . 
first paper, this rigidity of the face has not, , 
been recorded in the publications a¥ailab 

to me. One may speculate whether it is due 
to a reflex inhibition, a part of the general 
attempt to avoid bodily movements since 
these elicit pain; or whether it 1s caused by 
a systemic disease of the musculature 
There-seems to be no method by which this 
question could be investigated at“Puesent. 


XI. THE PROBLEM OF THE STIFF BACK 


The questions relating to normal and 
limited mobility of the back and neck are 
complex and have many side issues; 1t is 
not possible here to discuss them at length. 
Some of the aspects of the problem are 
presented separately. In connection with 
the subject under review, three points are 
of interest: (1) the movements of the back 
and neck in the presence of lesions of the 
vertebral symphyses; (2) the movements of 
the back and neck in the presence of lesions 
of the apophyseal joints; (3) stiffness of the 
back or neck* caused by lesions other than 
vertebral. 

(1) Of 5o patients with thinned inter- 
vertebral discs, with or without osteo- 
phytes at the vertebral edges, but with nor- 
mal apophyseal joints, 48 (96 per cent) were 
not conscious of a limitation.of the involved 
spinal area, nor did physical examination 
reveal limited movements. Photographs 
sometimes disclosed a moderate flattening 
of the spinal curves during sidewards flex- 
ion. Measurements made on roentgeno- 
grams showed normal ranges of motion in 
39 cases (78 per cent); a slight limitation, in 
8 patients (16 per cent); and definite limita- 
tion, in the remaining 3 patients (6 per 
cent). When present, limitation of mowe- 
ments was confined to the segments with 
thinned discs, adjacent segments showing 
either normal or moderately increased 
mobility. Consequently, the sofal move- 
ment intended could be achieved by means 
of increased mobility of the neighboring 
vertebrae. This seems to account for the 
fact that the patients Were not conscious of 


4. 


a linfitation of the movements of the in- 
polved pairs of vertebrae. These results 
confirm findings previously reported.!515.1? 
2 (2) Gf 20 patients with lesions suggestive 
of hypertrophic (osteo-) arthritis of the 
apophyseal joints, such as eburnation of 
the facets, moderate narrowing of the 
joint space, osteophytes at the articular 
margins, 14 (70 per cent) complained of 
. moderate stiffness in the involved region, 






entgenographic records. In patients 
findings indicative of rheumatoid 
“arthritis of the apophyseal Joints, as shown 
by rarefied articular processes, blurred 
facets, and narrowed joint spaces, we noted 
stiffness of the involved vertebral region, 
usually associated with severe pain, in 28 
out of 30 cases (93 per cent). In contrast 
to the patients with lesions of the vertebral 


symphyses, the movements of the verte- 


brae involved and of at least one super- 
.Jacent pair of vertebrae were found to be 
definitely limited on roentgenograms. In 
most of these cases, physical examination 
revealed stiffness of the entire spinal section 
in which thé apophyseal arthritis was lgcal- 
ized, regardless of the number of apophys- 
eal joints involved. For example, atrophic 
arthritis of a single lumbar apophyseal 
joint caused the whole lumbar spine to be 
immovable both actively and passively 
(Fig. 3). 

(3) Limitation of vertebral movements 
was observed to occur in the presence of 
renal calculi, paranephric abscess, gall- 
bladder disease, furuncles of the neck or 
back, in the absence of demonstrable 
vertebral abnormalities. Usually, flexion 
was free towards the side of the diseased 
viscus, but limited towards the opposite 
side. Only 5 out of 28 patients of this group 
were conscious of the limitation of motion. 
In persons suffering from "lumbago," 
active movements were strongly restricted, 
but almost the full range of motion could 
usually be achieved by gentle passive bend- 
ing and extending. 

This brief summary of observations on 
vertebral movement? may be sufficient to 
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show that limitation of the movements of 
back and neck, as experienced .by the pa- 
tient and demonstrable on roentgenograms, 
is almost constantly present when the apo- 
physeal joints are involved, but is either 
slight, unnoticed, or absent when only the 
vertebral symphyses are diseased. 


XII. THE PROBLEM OF PAIN 
OF VERTEBRAL ORIGIN 


In recent years, pain in tlfe lower back 
has been ascribed to a variety of abnormali- 
ties in the lumbar and lumbosacral verte- 
brae. In a series of 190 cases of backache, 
different lesions and abnormalities of the 
lumbar vertebrae were noted in 82 in- 
stances. A control series of 100 cases 
showed, however, that similar lesions and 


abnormalities were present in 61 persogs imme 


the absence of symptoms. It is difficult to 
understand why the same lesion should 
cause symptoms in one case, but be un- 
noticed fy other patients. Age, habits, 
posture, muscular coordination, and mental 
factors are perhaps responsible for the dis- 
crepancy ; and reflex pain due to some un- 


recognized lesion of pelvic or abdominals, 


viscera may come into play. 

These limitations do not apply in the 
same measure to the question of pain in the 
neck. Static and postural factors play a 
less important part, reflex pain is relatively 
rare, and mental influences do not seem to 
affect the neck as commonly as the lower 
back. Hence the problem of vertebral pain 
was studied on patients with lesions of the 
cervical vertebrae. Of 19 patients with 
lesions of the cervical apophyseal joints, 18 
complained of constant or recurrent pain 
in the neck; but only 3 out of @o patients 
with lesions confined to the vertebral sym- 
physes felt pain in the cervical region. 

Segmental neuritis is caused by lesions of 
the vertebral symphyses in a large number 
of cases.!^1? In a series of 100 instances of 
flattening of cervical intervertebral discs, 
symptoms of radicular neurfitis were noted 
in 82 persons; only 2 of these complained of 
pain in the neck; the others were,not con- 
scious of any discomfort localized in the 
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neck. Lesions of the apophyseal joints, 
while causing pain in the neck in most in- 
stances, do not seem to induce radicular 
neuritis in many cases: in only 6 out of 19 
patients with lesions of the cervical apo- 
physeal joints were symptoms of segmental 
neuritis noted. I have been quoted erro- 
neously as having stated that arthritis of 
the apophyseal joints (spondylarthritis) 1s 
the most common cause of radicular neu- 
ritis of vertebral origin; but I have pointed 
outi*3? that compression of the nerve root 
depends on the spatial relations between 
the caliber of the roof, the original width of 
the neural foramen, and the amount of con- 
striction of the foramen. In segments in 
which the nerve is slender and the foramen 
wide, such as the thoracic spine, narrowing 


—: the foramen need not cause the roots to 


be encroached on; but where the nerve is 
thick and the foramen relatively narrow, as 
in the cervicabregion, a slight constriction 
of the foramen is often sufficient to produce 
pressure upon the root. In general, the 
amount of narrowing of the foramen that 
is caused by flattening of the corresponding 


«disc is definitely greater than the constric- 


tion caused by lesions of the apophyseal 
joint. This, together with the greater inci- 
dence of lesions of the discs, makes flatten- 
ing of the discs the most common cause of 
radicular neuritis, although, according to 
the foregoing. discussion, compression of 
nerve roots máy o€cur in many other verte- 
bral diseases. 

The observations seem to show that pain 
in the neek is a common symptom of lesions 
of the cervical apophyseal joints, but rare 
in the presence of lesions of the cervfcal 
vertebral symphyses. On the other hand, 
radicular neuritis is more frequently caused 
by lesions of the discs than by lesions of the 
apophyseal joints. 


XIV. DISCUSSION 


The roentgen findings above recorded 
indicate that the lesion which is associated 
with the clinical manifestations of Strüm- 
pell-Marie disease 1s localized in the apo- 
physeal joints. Rarefaction of articular 
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processes with narrowing of the inter&ning 
space is present at incipient and early 
stages. The lesion may then evolve rapidly — 
towards complete or circling bony ank 
losis; or 1t may take a slower course E 
become arrested at intervals, during which 
the articular surfaces may become rough 
and eburnated. Ankylosis in one joint may 
coexist with eburnation in another Joint, 
or the two may occur simultane 
different parts of the same joi 
would seem to indicate that the two 
phologic characters, viz. ankylosis 
eburnation, correspond merely to differen 
phases of the same morbid condition. 

These appearances, and the sequence of 
events, are typical of rheumatoid (atrophic) 
arthritis. Rheumatoid arthritis 1s poten- 
tially always an ankylosing lesion. But mar- 
ginal osteophytes and eburnation, which are 
usually considered characteristic of osteo- 
arthritis (hypertrophic arthritis, degenera- 
tive joint disease), may occur at quiescent 
or arrested stages of rheumatoid arthritis of 
peripheral joints. The anatomic appear- 
ances are then ambiguous even: histologi- 
cally.!? The data above recorded show that, 
as in other joints, rheumatoid arthritis of. 
the apophyseal Joints need not cause anky- 
loss in every case. l have previously 
adopted Fraenkel’s term, ankylopoietic 
spondylarthritis, to designate the lesion 
under review. But since ankylosis 1s only 
the potential result of rheumatoid arthritis, 
and since the observations show that the 
ankylosing is actually continuous with the 
rheumatoid form, I now believe that a dis- 
tinction between ankylopoietic and rheu- 
matoid spondylarthritis can no longer be 
made. 

In the presence of rheumatoid aves 
of peripheral joints, the adjacent bone may 
become rarefied, The amount of rarefaction 
is usually proportional to the activity and 
duration of the articular lesion. The rare- 
faction of vertebral bodies which is present 
at moderately advanced stages of atrophic 
spondylarthritis would seem to correspond 
to this para-articular rarefaction of other 
bones. Hyperemia® «end proliferation of 







L| - ) . 
YA e. No.: Rħeumatoid Arthritis of the Apophyseal Intervertebral Joints 71 


rangllation tissue”? are held to account for 
this rarefaction. Owing to their cancellous 
` Structure and their abundant venous si- 
i E ethe vertebral bodies undergo rare- 
action readily. It is believed? that the lime 
salts set free by rarefaction can be de- 
posited in adjacent connective tissue if this 
: has become de-differentiated as a result of 
the complex reactions which are usually 


vertebral ligaments are neither constant 
nor primary lesions, and that the clinical 
manifestations of Strümpell-Marie disease 
cannot be ascribed to either of them. Table 
XI sums up our observations in an attempt 
to incorporate the various concepts of the 
pathology of this disease into the more 
general view obtained from the findings 
above recorded. 


TABLE XI e 


SYNOPSIS OF FINDINGS 


Pain : 
Radicu- pod Designations and Synonyms 
Local lar 
++ + 4 atrophic spondylarthritis 
e ap 
atrophic spongylarthritis, sometimes 
+ i. + with secondary hypertrophic reac- 
tions 
if hips and shoulders involved: 
rhizomelic spondylosis or Striim- 
pell-Marie disease; ankylosing 
spondylitis z 
if ligaments ossified: 
spondylitis ossificans ligamentosa 
F £ + if rarefaction present: 


atrophic spondylitis ' 


Involve- 
£ Apophyseal | Vertebral | Vertebral | ment of 
Joints Bodies Ligaments Other 
Joints 
articular 
processes 
Stage 1 rarefied; normal normal variable 
joint space 
narrowed 
joint space 
narrowed; often often in 
Stage 11 {facets ragged, rarefied beginning | vartable 
sometimes ossification 
eburnated 
e 
sometimes e 
rarefied, 
but normal often 
Stage 11} ankylosed | bonedensity] ossified variable 
may be 
regained 


called inflammation. Callus, for instance, 
Is formed in this manner at least in many 
cases. The ligaments of the spine, which are 
the only connective tissue close to the 
vertebrae, may take part in the inflamma- 
tion of the apophyseal joints and may then 
bacome ossified when neighboring bone is 
rarefied and mobility is limited.?® This view 
is supported by the finding of a predomi- 
nance of ossification in the ligaments which 
surround the apophyseal joints. Further 
research into the general pathology of con- 
nective tissue may alter or amplify this 
theory; but the fact remains that rarefac- 
tion of vertebral bodées and ossification of 


if ankylosis of apophyseal joints 
complete: 
ankylopoietic spondylarthritis—in 
the German terminology: Bech- 
terew disease 


Clinically, two cardinal symptoms of 
rheumatoid arthritis, pain and limitation of 
movements, are almost constantly present 
wlten the apophyseal joints are invelved. 
The third main sign, swelling of the joint, 
may also exist, but cannot be recognized 
because of the inaccessible position of the 
apophyseal joints. Its presence may be in- - 
ferred from symptoms of radicular neuritis 
caused by compression of nerve roots; but, 
owing to the spatial relations above men- 
tioned, swelling of the apophyseal joint 
capsule need not produce compression of 
nerves in every case. 

Limitation of vertebral movements was 
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equally definite at incipient stages of apo- - 


physeal-arthritis as in the presence of com- 
plete ankylosis of these joints. Control 
series disclosed that lesions of the vertebral 
symphyses, which often induce radicular 
neuritis, cause pain in the spine and limita- 
tion of vertebral movements only excep- 
tionally. It has also been shown that 
,ossification of ligaments need not interfere 
with normal vertebral mobility,” and com- 
plete rigidity of the spine was present in 
several patients of this series in the com- 
plete absence of ossified ligaments. Hence 
the findings would seem to show that in the 
presence of Striimpell-Marie disease, pain 
and rigidity are caused by the lesion of the 
apophyseal joints alone. | 

It has been demonstrated that lesions of 


——( hc apophyseal joints conform to the ana- 


tomic conception of arthritis.1® Lesions of 
the vertebral symphyses differ funda- 
mentally frone arthritis, since the sym-. 
physes are devoid of synovial nfembranes 
and free cartilaginous surfaces, in which 
arthritis, especially rheumatoid arthritis, 
is localized by definition. Because of the 
‘common occurrence of osteophytes, ebur- 
nation, or rarefaction, lesions of the verte- 
bral symphyses are usually considered ar- 
thritic, but rarefaction and bony over- 
growth are uncharacteristic reactions com- 
mon to agreat variety of bone lesions other 
than arthritic. 

The findings in'this series suggest that 
lesions of the apophyseal joints are distinct 
from lesions of the vertebral symphyses not 
only anatomically but also in their clinical 
manifestations, Lesions of the apophyseal 
jointf'are associated with pain in the spine 
and with*limitation of vertebral move- 
ments. Lesions of the vertebral symphyses 
do not produce these clinical manifesta- 
' tions. The patient whose radicular neuritis 
is caused by a lesion of the vertebral sym- 
physes usually refuses to believe that any- 
thing is wrong with his spine. The patient 
who suffers frgm an arthritis of the apo- 
physeal joints (spondylarthritis) is in no 
doubt about the seat of the trouble. 
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XIV. THERAPY 


The usual therapeutic measures, such af ] 
rest, physiotherapy, administration of gold, 
salts, of the various sulfanilaméd coke À 
pounds, of vitamins, etc., failed to produc 
any improvement in- the patients of this 
series. Roentgen therapy, advocated by 
some authors, was given to 17 patients. ` 
According to measurements made on speci- 
mens, it was estimated that optim 
gen-ray absorption at the dept 
apophyseal joints could be achieve 
using the following factors: 135 to 150 
according to the build of the patient; § ma.« 
0.5 mm. Cu plus 1 mm. Al filtration; target- 
skin distance of 1o inches (25 cm.); be- 
tween 18 and 22 r per minute, according to 
the penetration. After many trials and 
failures, it was found that individual doses 
of 40-60 r yield the best therapeutic results. 
Each individual portal or field, usually 15 
by 15 cm. in size, received 40-60 r once or 
twice at intervals of from three to seven 
days. A total dose of about 240 r. given 
through four portals was usually sufficient 
for the treatment of the entire spinal 
column. This total was administered in the 
course of one week 1n most cases. The series 
was repeated when symptoms recurred, 
after intervals varying between six weeks 
and seventeen months. 

It should be noted that the penetrations 
used were lower, and the doses given 
smaller, than those of the methods recom- 
mended by other workers or practiced in 
most other institutions. But an increase of 
kilovoltage, of the number of roentgens, or 
of both, failed invariably to bring about 
improvement in patients not previously 
treated, and resulted in recurrence of pain 
In cases in which relief had been obtained 
by means of the radiation technique above 
described. All being equal, increase of milli- 
amperage (up to 25 ma.), while shortening 
the periods of treatment because of a higher 
r per minute output, did not produce re- 
sults as favorable as those to be described: 
presently. It would seem, then, that, in 


addition to adequate penetration and dos- 
e 
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age, je time factor plays a definite part in 
hisfform of radiation treatment. 
Im order to exclude overlapping of the 


^ y sn ef different therapeutic measures, 


other types of treatment, including rest 
and analgesics, were discontinued several 
days before and throughout the period of 
roentgen therapy. Bedridden patients were 
taken out of bed as often and for as long as 







possible, All of the patients treated were 
incapag&ated by pain and entirely stiff 
befog roentgen treatment. Few of them 


able to walk. 

“Of these 17 patients, 7 were cases of 
Stage 11, 6 of Stage i1, and 4 of Stage 1. In 
2 cases of Stage III, roentgen treatment did 
not produce any result. These patients were 
in poor health generally, and the whole 
spine was ankylosed. In the 5 other cases 
of Stage 111 pain subsided completely a few 
days after termination of the first series of 
treatments. Vertebral mobility did not in- 
crease, but the patients stated that they 
felt more movable, probably owing to the 
disappearance of pain and muscle spasm. 
The 6 patients of Stage 11 resporided more 
dramatically. They felt free of pain almost 
at once and were able to resume work 
within a week after termination of the first 
series of treatments. Four of them returned 
for treatment at intervals of four to seven- 
teen months because of recurrence of pain 
and stiffness, and experienced the same 
relief after these second series of treat- 
ments. Photographic records showed that 
vertebral movements did not actually in- 


- crease although the patients themselves be- 


lieved that their mobility had become al- 
most normal. In the 4 cases of Stage 1, the 
therapeutic results were even better. Two 
of these patients who were entirely in- 
capgacitated and had been bedridden for 
over one month prior to treatment, unable 


. to walk without being supported by two 
 attendants, and in continuous severe pain, 


began walking unaided two days after the 
first. series of treatments was completed, 
and were able to resume heavy farm work 
two weeks later. In the 2 other patients of 


" |. * 
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Stage I, the pain and disability were not 
equally severe, and the treatment resulted 
in complete relief of the symptoms. All 
these patients had been observed during 
periods of from two to fourteen months 
prior to the treatment, and no similar 
therapeutic results had been obtained by 
any other method. The results of roentgen 
therapy were permanent; symptoms -did 
not recur during the eighteen months sub- 
sequent to the treatment. ° 
Spontaneous improvement being known 
to occur,? the results of roentgen therapy 
were tested by submifting the patients to 
the following experiment. The roentgen 
therapy equipment used included a water- 
cooling system with an electric pump mak- 
ing a loud humming sound. This pump 


could be operated independently, Pr 


generating roentgen rays. It was impossible 
for the patients to know whether they re- 
ceived radiation or not. Ofethe 8 persons 
tested in the experiment, one stated that 
he had “perhaps” felt some relief from pain 


after a series of pseudotreatments. The. 


other 7 patients felt no improvement after 
pseudotherapy, but experienced complete 
relief from symptoms after real roentgen 
treatment. This would seem to indicate 
that the effect of radiation therapy in these 
cases is not psychologic, but caused by the 
roentgen rays.* Since, as mentioned above, 
no other mode of treatment was given 
during and after roentgen therapy, the re- 
sults cannot be attributed to some con- 
current therapeutic measures. 

It is difficult to understand tle mech- 
anisms responsible for thig therapeutic 


effect. In a large number of patients"with ' 


rheumatoid arthritis of periphetal joints 
treated from 1927 to 1941 with roentgen 
rays of variable penetrations and doses, 
directed to the joints themselves, the vas- 


* Two months after the present paper had been accepted for 
publication an article dealing with similar experiments by C. 
Smyth, R. H. Freyberg, and W. S. Peck, appeared in 7. dm. M. 
ASS., 1941, £76, 1995-2001. With a slightly different experimental 
method, these authors found that mental f{ctors do not play an 
important róle in the treatment of Strümpell-Marie disease. They 
recorded excellent results of roentgen therapy with higher pene- 
trations and larger doses than those which I used. 


ig 
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cular system of the extremities, or the 
vertebral segments which correspond to the 
nerves supplying the involved peripheral 
joints, no improvement of symptoms or 


lesions could be observed by the writer. 


One may therefore be inclined to ascribe 
the favorable influence of roentgen therapy 
upon arthritis of the apophyseal joints to 
the analgesic effect of roentgen irradiation. 
But a surprising change of the roentgeno- 
logic appeardnces was observed to occur in 
the apophyseal joints of 4 patients after 
treatment (Fig. 5 and 9). The Joint spaces, 
clouded and appareptly filled with bone 
before treatment, became radiolucent and 
clearly defined after treatment. Perhaps the 


. radiation therapy caused a calcification or 


ossification of the capsule to disappear, in 


— "analogy to the effect upon calcifications in 


bursae and tendons. A spontaneous retro- 
gression in untreated patients did not 
occur. No definite change in the roentgen 
findings took place after treatment in ad- 
vanced cases. It seems that, in addition to 
its analgesic effect, roentgen therapy has a 
favorable action upon the articular lesion 


E itself. 


These observations, although necessarily 
small in number because incipient stages 
are so rarely observed, show that cure con- 
sisting of disappearance of symptoms as 
well as lesions can be achieved by means of 
roentgen therapy at early stages of Strüm- 
-pell:Marie disease. At more advanced 
stages, relief from pain resulting in subjec- 
tive improvement of mobility can be ob- 
tained, but the anatomical condition can no 
longer ‘be improved. The lesion.is reversible 


“at efftly stages, but irreparable when the 


articular *artilage is severely damaged." 
Hence the need for an early diagnosis. 

. The practical conclusion which can be 
drawn from this study may be worded as 
follows. When a patient suffers from pain in 
the back or neck and the mobility of the in- 
volved region 1s limited for more than a few 
weeks, a roentgen examination of the spine, 
including a study of the apophyseal joints 
with: an, adequate technique, should be 
made, even when the symptoms subside 
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temporarily. A male between twentS ver 
thirty years old should be examined &i 
particular care in the presence of e 
symptoms; but both sexes and all af 
groups may be affected. If the roentgen fin 
ings suggest an incipient rheumatoid ar- 
thritis of one or a number of apophyseal 
joints, roentgen therapy with small doses 
and intermediate penetration should be in- 
stituted at once. To wait for ossificgtion to 
appear in the vertebral ligaments 
sacroiliac joints to become involved i 
to confirm the diagnosis of Strimpell- 
Marie disease means depriving the patien 
of the one chance of cure he has at the pres- 
ent stage of our knowledge: once the lesion 
has advanced beyond the reversible stage, 
the gradual transformation of a healthy 
young adult into an invalid-stricken with | 
pain and immobility can rarely be halted. - 






XV. SUMMARY 


1. Clinical and roentgenologic observa- 
tions, verified by control series, showed that 
pain in the spine associated with limitation 
of vertebral, movements is usually caused 
by lesions of the apophyseal joints. 

2. Lesions of the apophyseal joints con- 
form to the conception of arthritis both 
anatomically and on the basis of their clini- 
cal manifestations. Lesions of the vertebral 
symphyses—the joints formed by the inter- 
vertebral discs—have neither the anatomic 
nor the clinical characters of arthritis. 

3. The lesion associated with the clinical 
syndrome of Strümpell-Marie disease con- 
sists in a rheumatoid arthritis of the apo- © 
physeal joints (atrophic spondylarthritis). 
Rarefaction of vertebral bodies and ossifi- 
cation of vertebral ligaments may become 
superadded, but do not always occur; when 
present, they are signs of an advanced stage 
of the disease. 

4. Like atrophic arthritis of the periph- 
eral joints, atrophic spondylarthritis, al- 
though it is a potentially ankylosing lesion, 
does not lead in every case to bony ankylo- 
sis between the facets. Like atrophic arthri- 
tis of peripheral joints, it may become 
quiescent or arrested before ankylosis takes 
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and features of hypertrophic arthri- 
ay then become superimposed upon 
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ertebral movements occur at oo as 
well as at advanced stages of atrophic 
spondylarthritis. They are caused by the 
_lesion of the apophyseal joints and do not 
dépend upon secondary changes such as os- 
sificatiqn of ligaments or rarefaction of ver- 
sebral Ps 

6. At initial and early stages of atrophic 
sp¢ndylarthritis, complete cure, with disap- 
pearance of the lesions roentgenologically, 
can be achieved by roentgen therapy with 
small doses and intermediate penetration. 
At more advanced stages, the lesion itself is 
irreparable, but roentgen therapy 1s useful 
in controlling pain and in producing thereby 
a subjective improvement of vertebral mo- 
bility. 

7. The need for an early diagnosis based 
on roentgen examination of the apophyseal 
joints is stressed in view of these limitations 
of therapy. 
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e CHONDRODYSTROPHIA CALCIFICANS CONGENITA l 
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By GERARD RAAP, M.D. 


. Dade County Hospital 


MIAMI, FLORIDA 


ONRADI,? in 1914, first described a 

Z condition of this type and stated that 
he could find no case of similar type in the 
literatuM. Although somewhat similar in- 
stancessftave since been reported under a 
variea nomenclature, which shows a tend- 
ency toward a classification under chondro- 
plasia, the generic term chondrodystrophia 
appears to be more logical and we have onlv 
added the two descriptive adjectives to de- 
fine this group of sporadically reported 
cases. 

Ours is apparently the first example in 
which a familial and congenital character- 
istic is proved and in which opportunity has 
been afforded to investigate 4 cases over a 
period of time, together with postmortem 
examinations of the material in one in- 
stance. 

In October, 1938, there were submitted 
to us roentgengograms of the chest and 
long bones in the case of a male child aged 
ten months (Case 1) with a requisition 
which read under the caption "Clinical Re- 
marks— the twin of this one died suddenly 
last night." In this case we reported a 
slight haziness in both lung fields due to an 
acute respiratory infection and then with 
reference to the long bones, flaring of the 
distal ends of the ulnae and tibiae, together 
with the mottled granular appearance in 
the ankles, wrists and other joints which in 

econtour follows that of the bony structures 
in normal ossification, but presents angular 
densifications rather than rounded densi- 
ties? This child also showed clinical manı- 
festations of a pneumonia, together with 
numerous red cells in the urine, with prac- 
tically no other abnormalities. The tem- 
perature rose to 103° F. on the second day, 
then subsided to normal on the fourth day. 
Blood count was 3,500,000 i orem 
17,000 leukocytes, 60 per cen® hemoglobin, 
normal differential. The blood count re- 
Arned to normal in about one week, and 


~ ot 


the patient has been clinically normal ever 
since. 

Permission was granted to exhume the 
deceased male twin (Case 11) and films were 
made. These showed joint changes exactly 
similar to those of the living twin. All organs 
were examined grossly and microscopically 
and the cause of death «rom the history and 
microscopic sections was attributed to a 
pneumonia of the right lower lobe. From 
the historv it would appear that this child 
had been ill for several davs previously. On 


the basis of a possible metallic poisonieeem" ~ 


the organs were subjected to chemical 
analvsis and proved negative for the pres- 
ence of bismuth, arsenic or lead. 

'The bones of the ankle were removed to- 
gether with masses of cartilaginous mate- 
rial for histologic study. The microscopic 
report is as follows: "Sections show an in- 
crease of fibrous tissue of periosteal charac- 
ter. Directly under this periosteum a forma- 
tion of cartilage is noted. The deeper cells 
are acquiring a cartilaginous character. 
The deepest lavers of cells form osteoid 
tissue, which 1s partly calcified. There is no 
evidence of malignancy.’ e — e 

Several hours were spent in delving into a 
historv of the entire family which included 
an older child aged two and a half (Case 
iv), father, mother and both grandmothers, 


with special reference to type of feeding. «= 


The mother was a nurse, who gaye us in- 
telligent information but no relevant points 
were obtained. About two weeks later she 
was delivered of another male child (Case 
111) which shows the same changes. A two 
and a half year old girl, also examined, 
shows normal bony structures, except for a 
few punctate densities in both wrists and 
ankles which suggest that she may previ- 
ously have had the same changes. The par- 
ents show normal bony structures in these 
areas. 

We have been able to follow these chil- 
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and thicker than normal. Fingers an¢ 
were thick and short. No chemical Evi, - 
dences of syphilis. Roentgen findings: NL 
changes were most marked in te distal 
ends of the femurs and in the tarsal bones. ? 
The distal femoral epiphyses were stippled, 
likewise the tarsal bones, with peculiar 
shot-like shadows. The distal tibialoed 
fibular epiphyses were affected alse while 
the upper tibial and fibular epiphy, les were 
only slightly involved. 

Tisdall and Erb" in 1924, reported 2 
cases, the first of which at five weeks pre- 
sented roentgenographically "peculiar ir- 
regular calcareous deposits in the epiphyses 
at both ends of the humeri, the proximal 
ends of the radii, ulnae, tibiae, fibulae and 
distal ends of the femora. The patellae were 
practically outlined by these deposits. Un- 
fortunately, no films were made of other 
areas and there were no deposits in the skin 
or muscles." Films of the elbows and knees 
are shown which in manv respects resemble 





Fic. 1. Case r. Male living twin at ten months, Oc- 
e tober, 1938, showing calcium deposits in hip joints 
and knees. 


dren for almost four years. Apparently 
these abnormal calcifications are marked at 
birth and disappear by the age of about 
three years. All were subjected to calcium, 
phosphorus, holesterol and phosphatase 
determinations, blood counts and serologic 
studies, and no unusual features were dis- 
covered, The roentgen studies *f all other 
bony structures show no evidence of dwarf- 

—'staser cretinism, and rickets and scurvy are 
ruled outeby the dietary history, the chemi- 
cal findings and the roentgen studies of 
other bony structures. 

Conradi was able to observe his patient 
roentgenologically and clinically and also 
made histologic examinations. His patient 
was a child, female, three months old on 
admission, sudtering from “haematoma of 
the scalp and head." The femurs showed 
thickened epiphyses with thin diaphyses. 
The right was shorter than the left. All bius d 


n 2. Case 1. Living gwin at ter? months. Note 
four extremities were strikingly shorter calcific deposits in wrists and ankles. 





. 
*thefpresent cases. Microscopic sections of 
. thf patella show a vacuolated appearance 
74 which nuclei have disappeared. There 
are calcareous deposits in areas of degener- 
ated connective tissue. Here, however, we 
are dealing also with a svphilitic infection 
M which mav account for this degeneration. 


/ 


| calcium was 9.3 and 9.7 mg. per 100 


Fic. 3. Case 1. Male deceased twin at ten months. 
October, 1938. 


e cc. and phosphorus 4.5 and 4.4 mg. per 100 
GE. 

Gevy man! differentiates the appearance of 
lifetic lesions of the congenital type and 
calls attention to Kaufmann’s description 
of three forms of chondrodystrophy, hypo- 
plastic, malacic and hyperplastic, and also 
remarks that chondrodvstrophy is fre- 
quently confused with cretinism, although 
occasional cases of unilateral chondrodys- 
trophia are seen. 

Hünermann? in 1951 reported a case of a 
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Fic. 4. Microscopic section from ankle of Case 11. 


female child, aged three weeks, whores 
had the opportunity of observing for al- 


most two years. The roentgen findings were 
innumerable dense, small,’ stippled shad- 


FIG. 


Ns 


Roentgenograms of removed sections 


ankles and wrists in Case II. 





from 
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Note 


months. 


Case 1 
disappearance of these deposits. 


Fic. 6. at twenty gradual 


ows, Of varied shapes, in the epiphv ses of 
the extremities as well as along the spinal 
column and ig the pelvis. The skull and 
facial bones were not affected. These stip- 
pled shadows were found in the proximal 
epiphyses of the humeri, the ike epiph- 
vses of cach radius, the distal end of the 
aleft humerus and the proximal end of the 

right ulna. The right femur was shorter 
than the Teft, the heads and neck of each 
femur were affected, the distal e 'prph vses 
of the femurs, the upper epiphvses of the 
tibias, distal epiphyses of the tibias and the 
bones of each ankle joint. The carpal bones 
showed a few stippled shadows. The bonv 
structure of the shafts throughout was nor- 
mal. Hünermann quotes Conradi, Dietrich 
and Wiskott, all of whom published similar 
The roentgen findings are not those 
of typical chondrodvstrophia fetalis or 


cases. 
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achondroplasia in that the thickened | 
of the long bones due to endosteal and 


osteal change are not present. There is ! NC 
no shortening of all long bones of the ex- 


4 


atts á 


tremities. There is also no broadening of * 
the diaphyseal ends. 

Hünermann's case was identical clini 
cally and roentgenologically with th 
Conradi and Dietrich. He describe 
radi's histological findings. Based 6n these 
histological findings, Conradi dectted the 
disease process was an abortive form of 
chondrodystrophy or achondroplasia. 

In 1938, Reilly and Smyth‘ described the 
stippled epiphyses of congenital hypothy- 
‘olism, Although the most typical cases 
described showed hypothyroidism as a 
most evident factor, it is stated that it mav 
also occur without hypothyroidism. Their 
article also emphasizes the similarity to 
| egg- Calvé-Perthes’ disease. Such a 
larity is not suggested in our cases, and the 





simi- 





E 
* 
LJ 
Fic. 7. Case irr. Male, aged ten days. December, * 
1938. Appearance of ankles and wr$sts proves that 
these changes are presefit at birth. * e 
NEP 
j^ 
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* eeidoffce of hypothyroidism is entirely ab- 
.entff The stippling is confined to the epi- 


a 


keal centers alone and is not present in 
^ the cartifage. 
=? Maitland’ reports the case of a female 
child, three days old, weighing 7 pounds, 
ith enlarged knee and elbow joints, some- 
w spastic, showing marked develop- 
mentaNchanges in the cervical and dorsal 
vertebrae together with shortening of the 
extremities and punctate calcifications in 
the knees and elbows but with very little 
in the wrists and ankles. A previous child 
born in 1935, in the same family, had simi- 
lar changes and lived only nine months. 






[n these cases there is a marked element of 


since the father 
absence of certain phalanges in 


developmental anomalv, 
also shows 
the hands. 
transmitted notochordal anomalies. 
Attention is directed to the fact that in 
all previous reports of a disturbance of this 
nature, there were evident extenuating fac- 





E 
ə 
e 
i È 
Fic. 8. Case rv? Female, aged two and one-half years. 

e° Shows persistence of calcific deposi 
. à 
4 | 
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Chondrodvsrophfh Calcificans Congenita 


This is apparently a story of 





8I 


Fic. 9. Case 1v, aged four years. Deposits have , 
practically disappeared. . 
tors such as developmental variants, sy ph- 
ilis, cretinism, hypothyroidism. Ín our 
cases the children are apparently normal in 
every other respect living under ordinary 
conditions of life. We haye been able to ob- 
serve these changes without medication or 
attempt to vary this abnormal condition. 
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` * THE PREVENTION OF IRRADIATION SICKNESS 





HE symptoms of malaise, anorexia, 
nausea, and vomiting, associated with 
or fol)}wing irradiation with roentgen rays 
or the*gamma rays of radium have been 
called roentgen or radium sickness. This ill- 
ness has been a disturbing complication 
since the beginning of the massive dose or 
intensive type of roentgen and radium ther- 
apy. Many theories have been advanced as 
to the cause of this sickness, and considera- 
ble research work has been done, but as yet, 
the exact nature of the changes producing 
the constitutional symptoms have not been 
determined. 

The symptoms of irradiation sickness 
may start shortly after or some hours after 
a single moderate or large dose of radiation, 
or in some cases the day following the treat- 
ment; when the fractional method of giving 
radiation daily in small or mederate sized 
doses is used, the sickness may not devglop 
until the second week or later. There 1s 
marked variation in the susceptibility of in- 
dividuals, and in the severity of symptoms. 
In mild cases there is general languor and 
malaise, with anorexia and slight nausea; in 
moderately severe cases there is more nau- 
sea with occasional vomiting; in the more 
severe cases there is marked nausea with 
frequent vomiting, weakness and prostra- 
tion. Usually there is constipation, prob- 
ably due to the low food intake, but in a few 
cases diarrhea is present, which may be a 
part of the irradiation sickness but more 
frequently 1s due to the direct effect of the 
ireadiation on the intestinal tract, in ab- 
dominal and pelvic cases. Irradiation of the 
abdomen, pelvis, breast and lower thorax 
are more likely to cause irradiation sickness 
than treatment of other parts of the body. 

Some of the theoretical causes of roent- 
gen sickness that have been suggested are: 


(a) gases produced by the coron} and high 
tension electric ffeld; 
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(2) 
(c) 
(4) 


an electric field surrounding the body of 
the patient; 

chemical changes produced in the body 
by irradiation; 

general influence of irradiation on the 
body and absorption of the products of 
cell destruction; 

irradiation effects on certain organs of in- 
ternal secretion; * 

nervous strain and psychic influences; 
destruction of intestinal mucosa. 


(e) 


(f) 
(g) 


Pfahler”-4 in 1916 and 1918 reported his 
observations and experiments relating-e<o 
the cause and prevention of roentgen sick- 
ness. His experiments with guinea pigs indi- 
cated some toxic element th the air from 
around tlie tube. By protecting his patients 
from the contaminated air and providing 
fresh air with oxygen inhalations during 
treatments, he was able to reduce the inci- 


dence of roentgen sickness to about one-^ 


third of the previous frequency. 

It seems very probable that there was a 
psychic factor in some of the cases of roent- 
gen sickness; unpleasant odors may in- 
crease nausea, regardless of the primary 
cause; in the past, patiengs often complained 
of the odor in the treatment room, and 
some of them became nauseated as soon as 
they enteged the room. It is probable that 
the incidence of true roentgen sickness 1s 
the same with modern equipment as it was 


with the old type, and that the apparent 


reduction of incidence with modern equip- 
ment is due to the elimination of the false 
roentgen sickness cases which were due to 
psychic influences and the toxic effects of 
the gases generated around the high tension 
leads and the roentgen tube. Certainly such 
gases are not a factor in true irradiation 
sickness, as this frequently develops during 
radium therapy or during treatments with 
modern coronaless equipment. 

Jones and. Roth? found the effect of im- 


me 
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proved ventilation only temporary and ap- 
parently more psychic then real; they did 
not find that acidosis was a factor in these 
cases; they noted that the region of the 
body treated was an important factor, and 
that irradiations of the abdomen, breast 
and lower thoracic areas were most likely to 
cause symptoms; they concluded that irri- 
tation of the vagus nerve was a cause of 
constitutional symptoms. 

Béclère? considered, from a physiological 
standpoint, that the effects of irradiation 
on the nerves were the underlying cause of 
the symptoms; that «he symptoms may be 
due to the effect of the rays on nerve end- 
ings or sympathetic ganglia, or that the ray 
caused the passage into the blood of some 
substance that has emetic properties. 
Beclére noted that the constitutional symp- 
toms frequently followéd irradiation of tu- 
mor masses which resolved rapidly, and 
stated that ‘from clinical data it would 
appear that the chief cause of the disturb- 
ance. . .is the passage into the blood stream 
of certain soluble substances, more or less 
toxic, resulting from the disintegration of 
normal and pathological cellular elements. 
To this must be added,... the direct ef- 
fects of the penetrating. rays upon the 
ganglionic nervous system of the viscera." 

Doub, Bolliger and Hartman? studied 
the metabolic changes following roentgen 
therapy. Their eqyipment was arranged to 
avoid any effect from the gases or the high 
tension electric field, with no part of the 
high tension apparatus or roentgen tube in 
the room with the patient or experimental 
animal, and with a grounded metal shield 

etween the subject and the high tension 
parts. From their observations on 23 patients 
and experiments on dogs, they reported: 


(a) that there was an increase in the acid 
soluble phosphorus coincident with nau- 
sea, vomiting and alkalosis; 

(P) no distinct change in the CO; combining 
power of éhe blood; they found alkalosis 
with inifial depression of the hydrogen 
ion concentration; 

(c) sugar content of the blood increased after 
irradiation, in dogs an immediate rise; 
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(d) marked decreases in amino acids Wf the 

blood, suggesting that the protopla§m of, 

` the irradiated cells remains intact ding 
the early stages, and that there is ïn- 
creased enzymic activity producing dewmp 
amidation with resultant increase in the 
blood sugar; 

(e) marked decrease in non-protein nitro 
during the first hours with later i 
of 75 to 100 mg. per 100 cc. of Blood in 
dogs receiving a lethal or near lethal dose 
of roentgen rays; 

(f) slight decrease in blood calcium, consid- 
ered as probably secondary to the in- 
creased phosphorus; 

(g) an immediate large increase in the phos- 
phorus content of the blood, interpreted 
as an index of acute nuclear destruction. 





From their findings they suggest that ir- 
radiation sickness 1s due to the immediate 
products of nuclear destruction. 

Arons and Sokoloff! considered that the 
effect of irradiation on the reticulo-endo- 
thelial system was a factor in roentgen sick- 
ness; that a small dose of the rays stimu- 
lates the reticulo-endothelial cells, and that 
a larger dose inhibits or destroys the defense 
meehanism of this system. 

Morgan was of the opinion that roent- 
gen sickness was due to too rapid admin- 
istration of the rays in the massive dose 
technique, and advocated fractional doses, 
giving the required dosage in ten days to 
two weeks; in some cases he divided the 
daily dose, giving a fraction of the dose each 
hour from 9 A.M. to 6 p.m. He reported that 
roentgen sickness was generally not pro- 
duced by such fractional dosage. Extreme 
fractionating of doses is not a practical 
method of therapy when many patients are 
to be treated and the total dose for each pa- 
tient relatively large. 

Various treatments for irradiation sitk- 
ness have been proposed and tried. Some 
have been of value in improving the psy- 
chic and bodily comfort of the patient, such 
as the elimination of noxious gases and pro- 
viding fresh air in treatment rooms; the 
sedatives, frequently employed have re- 
duced thfe severity of the symptoms, but 
have ingteased the anorexia. 


e] 


* Case Ne. 
e» and Age 
Patient 


Diagnosis 


so | Cancer uterine 
stump 


$4 | Cancer right 
breast, and 
skin metas- 





tases 

4. Mrs. £4 | Cancer fundus 
L.E.R. uteri 

5. Mrs. 25 | Cancer cervix 
G.H. uteri 

6. Mrs. 60 | Cancer cervix 
TOC: uteri 

7. Mrs. 49 | Cancer cervix 
C.H.D. uteri 

8. Mrs. 71 | Cancer right 
W.L.H. breast 

9. Mr. 53 | Cancer lung 
D.T.R 

IO. Mrs. 65 | Cancer blad- 
A.K.R. der 


i EM: $1 | Cancer left 
z (E) breast 








43 | Menorrhagia 


Duration 


of 


9-18-38 
to 
10- 8-38 
10-25-38 
to 
11-29-38 
10-27-38 
to 
11-30-39 
3- 9-39 
to 

- 8-39 
6- 7-39 
to 
6-27-39 
10-27-38 
to 
11-23-58 
10-28-38 
to 
II-I5-38 
11-21-38 
to 
12-21-38 
11-21-38 
to 
12-20-38 
11-22-38 
to 
12-29-38 
11-21-58 
to 
12-21-38 
11-29-38 
to 
12-27-38 


12- 2-38 
to 
= 739 


* Voftape, filtration and focal skin distance indicated as: 


(a) 200 kv.,0.§ mm. Cu, 1.0 mm. Al; co cm. focal skin distance; 
(b) 200 kv., o.$ mm. Cu, 1.0 mm. Al; 7o cm. focal skin distance; 
(c) 200 kv., 1.0 mm. Cu, 1.0 mm. Al; so cm. focal skin distance; 

. (d) 140 kv., 0.24 mm. Cu, 1.0 mm. Al; 5o cm. focal skin distance; 


(e) one portal, 1 5 X15 cm., (d); other portals (a); 


TABLE I 


No. of 
Portals; 


2-16 XIS 
(c) 


6-10 X15 
(b) 


BIO X8 
I-10 XIO 
(a) 


2-IO X15 


(a) 


3-10 X15 
(d) 


6-10 X156 
(b) 


4-I1O XI5 
(b) 


6-10 X15 
(b) 


6-10 X15 
(b) 


3-10 X15 
2- 8 XIO 
(a) 
£$-IO X15 
(c) 


2-IO X15 
I-IO XIO 
I- 8 XIO 
(f) 
4-10 X15 
I- 8 X10 
(a) 


Ka * * = 
Preventipn of irradiation Sickness 


BRIEF REPORT OF EACH OF 122 CASES 


Total 


Dosage in 
Treatment| Size in cm.* |RoentgensT 


1,600 


10,200 


9,000 
4,000 


6,210 


10,200 


9,000 
12,250 


9,400 
e 


9,990 


(f) 200 kv., 0.42 mm. Sn, 0.25 mm. Cu, 1.0 mm. Al; £o cm. focal skin distance; 
(g) 220 kv., 1.05 mm. Sn, 0.25 mm. Cu, 1.0 mm. Al; 50 cm. focal skin distance. 


t Measured in air, without backscatter. 


Medication; Commentsi 


Thiamin 6 mg.; liver; 
nausea 0; appétite fair 


Thiamin 6 mg.; liver; 
nausea 0; appetite fair 


Thiamin 6 mg.; liver; 


Thiamin 6 mg.; nausea 0; ap- 
petite good 


calc.; 


calc.; 


A 


calc.; 


nausea slight; appetite fair 


* 
Thiamin 6° mg.; liver; 


calc.; 


nausea 0; appetite improved 


Thiamin 6 mg. liver; 


Thiamin 6 mg.; liver; nausea 0; 
appetite poor 


nausea 0; appetite improved 


Thiamin 6 mg.; liver; 
nausea 0; appetite fair 


'Thiamin 6 mg.; liver; codeine 


(for paig); neusea o; appe- 


tite poor 


Thiamin 0.6 mg. (error); liver; 


calc.; nausea severe; thiamin 
9 mg.; nausea ô afteg 2 days; 


appetite fair 
Thiamin 6 mg.;talc.; nause 
appetite good 


$ 
calc; * 
calc.; 
AO: 
E imd 


*  fAmountof thiamin listed is the daily dosage of th&min chloride. “Liver” indicates gaudere ecd liver extract (usually reticulogen), 
indicates calcium salts, usually compound gluconate 


containing thiamin chloride, 0.5 cc. intramuscularly, 


e and dicalcium phosphate, 1 gram, tree times daily. 


ree times weekly. “Calc. 
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Case No. 
and 
Patient 


12. Mr. 
E.D.B. 


13. Mrs. 
E.K. 


14. Mr. 
J.V.R. 


15. Mrs. 
V.S. 


16. Mr. 
J. T.W. 


17. Mr. 
J.E.E. 


18. Mrs. 


R.W.J. 


I9. Mrs. 
B.H. 


Mrs. 


20. 


WAG. 


. H.B. 
(F) e 


22. Mrs. 
Jp C. 


23. Mrs. 
B.P. 


24. Mrs. 
J.A.G. 


Age 


46 


$5 


54 


60 


67 


50 


46 


48 


56 


30 


56 


57 


45 


Sarcoma thy- 


Diagnosis 


d 


roid 


Cancer corpus 
uteri 


Cancer floor of 
*nouth, and 
glands of 
neck l 


Cancer left 
breast, pre- 
operative; 
postopera- 
tive 


Cancer glands 
right neck 


Lymphoblas- 
toma of 
stomach 

Cancer cervix 
uteri . 


Cancer 
uteri 


corpus 


Cancer 
and 
uteri 

Cancer 
uteri 


cervix A 
corpus 


cervix 


Cancer right 
breast post- 
Operative 

Cancer vulva 
and inguinal 
metastases 


Cancer right 
breast; steri- 
lization 
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TABLE I—Continued 


Duration 


of 


Treatment] Size in cm * |Roentgenst 


12-21-38 
to 
12-31-38 


5-20-39 
12-20-38 
to 

1-19-39 
12-27-38 


to 


2-22-39 


10-25-39 
I~ 5-39 
to 
1-30-39 
2- 8-39 
to 
3- 4-39 
2- 9-39 
to 


3- 4-39 
3- 6-39 
to 
3-28-39 
3- 7-39 
to 
4- 3-39 
3-14-39 
to 
4-10-39 
3-14-39 
to 
3-30-39 
4-25-39 
to 


5-22-39 
3-20-39 
to 


5- 4-39 


No. of 
Portals; 


2- 9 X12 
(f) 


I~ 8 X1o 


6-10 X15 
(b) 


2- 6x 8 
I-6 cm. 


(f) 


2-10 X1O 


(f) 


3-10 X15 
I- 8 X10 
(a) 
3-10 X15 
I- 8 X10 
(a)(d) 


I-IO XIO 


4-1O X15 
(a)(c) 


Total 
Dosage in 


6,000 
2,450 
Il,400 
13,000 
4,400 
3,600 
6,000 
$,000 
29700 
6,000 
8,200 
10,200 


10,200 


10,200 
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t 
» 


Medication; Commen . 


— ARTE REN. 
Thiamin o; nausea moderate; 


thiamin 6 mg.; 


o after 2 days 


: calc.; nausea, 


Thiamin 6 mg.; liver; nausea o; - 


appetite fair 


Thiamin 6 mg.; liver; nausea 
slight; appetite poor (dys- 


phagia) 


Thiamin 6 mg.; liver; calc; 
nausea 0; appetite fair 


Thiamin 6 mg.; liver; nausea o; 


appetite good 


Thiamin 6 mg.; liver; calc.; 


nausea slight 


Thiamin 6 mg.; liver; calc.; 
nausea slight, occasionally; 


appetite fair 


Thiamin 6 mg.; liver; calc.; 


nausea O; appetite fair 


Thiamin 6 mg.; liver; calc.; 
nausea O; appetite fair 


Thiamin 6 mg.; liver; nausea o; 


appetite good 


Thiamin o, 2 weeks; nausea, 
moderate; thiamin 6 emg.; 
nausea 0; appetite improved 


Thiamin 6 mg.; 


liver; calc.; 


nausea ©; appetite good 


Thiamin 6 mg.; liver; nausea O; . 


appetite fais 


` , TM 
: Vou. 49, No. 1 


* 
* 


e 


© Caffe No.. 
$4 and 
Patient* 





gue — ——7-—-—————-——-— | | i] | 9 —— 
25. Mr. 





29. 
3o. Mrs. 


31. Mrs. 


32. 


33. Mrs. 
34. Mr. 


ag, Mrs. 


79 


65 


41 


TT 


47 


43 


49 


62 


40 


64 


65 


5o 


yÓ^ 


Diagnosis 


Cancer in co- 
lostomy, 
from cancer 
of colon 


Cancer cervix 
uteri 


Cancer left 
breast 


Cancer left 
breast 


Cancer pros- 
tate 


Cancer cervix 
uteri 


Cancer left 
breast 


Cancer left 


TABLE I— Continued 


Duration 


of 


Treatment| Size in cm.* |RoentgensT 


3-27-39 
to 


4-19-39 


3-29-39 
to 


breast; steri- |e to 


lization 


Cancer cervix 
uteri 


Cancer pelvis, 
metastatic 


Cancer cervix 
uteri 


Cancer 
breast 


right 


right 
mu- 


Cancer 
buccal 
cosa 

Cancer left 
breast, post- 
operative, 
recurrent 

Cancer cervix 
uteri 


Bilateral can- 
cer of breast, 
preoperative, 
postoper- 
ative 






No. of 
Portals; 


I-IO X15 


3-10 X10 
I- 8 Xio 


3-10 X15 
I- 8XIO 
4-1O X15 
(a)(c) 
6-10 X15 
(b) 


6-10 X154 
(b) 


6-10 X15 
(b) 


4-10 XI$ 
I- 8 XIO 
(a) 

2- 6x 8 
I- 6 cm. 
(f) 
I-IO X13 
(d) 


6-10 X15 
(b) 


4-10 X15 
2-15 X15 
2- 8 X10 
2-10 XI$ 


> erie ME 


2- 8 X1O 
(a)(e) 


Prevention of Irradiation Sickness 


Total 
Dosage in 


10,000 


9,600 


7,900 
3,200 


10,200 
11,700 
10,200 
+ 
10,350 
11,150 


2,500 


10,200 
7,200 


9,600 


87 


Medication; Comments] 


Thiamin 6 mg.; liver; nausea 0; 


appetite good 


Thiamin 6 mg.; liver; nausea 
slight; appetite good 


Thiamin 6 mg.; liver; calc.; 
nausea O; appetite fair 
e L 


Thiamin 6 mg.; liver; nausea 0; 
appetite very good 


Thiamin 6 mg.; liver; nausea o; 
appetite fair 


Thiamin 6 mg.; liver; nausea 
moderate (colitis prior to 
roentgen thesapy) 

Thiamin 9 mg.; liver; calc.; 
nausea 0; appetite good 


Thiamin 6 mg.; liver; calc.; 
nausea 0; appetite very good 


Thiamin 6 mg.; liver; nausea 0; 
appetite poor (morphine ad- 
dict) 

Thiamin 6 mg.; liver; nausea 
slight; appetite fair 


Thiamin 6emg.; fiver; nausea 0; 
appetite good 


Thiamin 6 mg.; calc.; nausea 
slight; appetite faire 


. . Ld 
Thiamin 9 mg.; nausea O; Aiape 


petite very good , 


Thiamin 6 mg.; nausea ©; ap- 
petite fair 


Thiamin 6 mg.; liver; calc.; 
nausea 0; appetite good 


Thiamin 9 m8; liver; calc. 
nausea O; appetite good 


88 





Case No. 


and 
Patient 


41. Mrs. 


42. Mr. 


43. Mrs. 


44. Mrs. 


46. Mr. 


47. Mrs. 


48. Mr. 


49. Mrs. 


so. Mrs. 


si. V.B. 


$4. Mr 


55. Mrs. 


—Á———————— qe——— ———————— ———À | paaa 


49 


74 


79 


48 


28 


53 


66 


Diagnosis 


Cancer cervix 

uteri 
Cancer  blad- 
der 


Cancer left 
breast 


Cancer left 
breast 


Cancer right 


breast 


Cancer meta- 
static neck 


Cancer lower 
lip; metas- 
tases in neck 

Cancer larynx 


Cancer cervix; 
recurrent 

Cancer right 

breast 


SA 


Cancer cervix 
uteri 


Cancer metas- 
tases in neck 


Cancer left 
buccal mu- 
cosa 


Cancer right 
forearm, with 
epitrochlear 
and axillary 
metastases 

Cancer right 
breast 


William H. Whitmgre 


TABLE I-—Continued 


Duration 


of 


to 


to 
1C-2-39 
9-14-39 


10-30-39 
II- 7-39 
to 
11-28-39 
10-16-39 
to 


12-14-39 


10-16-39 
to 
II-I1-39 


No. of 
Portals; 
Treatment] Size in cm.” |Roentgenst 


6-10 X15 
(b) 
3-10 X10 
I- 8XIO 
(f) 
2-10 Xs 
I- 8X10o 
(a) 
I-IO X15 
2- 8XIO 
I- 6X 8 
(a) 
2-IO X15 
I- 8 X1o 
(a) 

2- 8 XIO 
(f) 

2- 6x 8 
2- 6 cm 
(f) 

2- 8 XIO 
(f) 
6-10 X15 
(b) 
2-IO XI5 
2-IOXIO 
I- 8 X10 
(a) 
6-10 X16 
(b) 
4- 8 X10 
(a) 

I- 8 X1o 
2- 6x 8 
(f) 

I- 5 cm 
(a) 


Total 


Dosage in 


7,900 


4,800 


6,450 


6,000 


II ,200 


7,990 


10,200 : 


9,000 


. 10,200 


12,000 


9,000 


3,500 


16,000 


9,000 


docu: "A 
Medication; Corgments 


v 
JANUARY, 1943 * 
d 





Thiamin 6 mg.; liver; calc.; 


nausea.o; appetite good 


Thiamin 6 mg.; livgř;- 






nausea o; appetit@good 


Thiamin 6 mg.; liver; nausea 0; 
appetite very good 


Thiamin 6 mg.; liver; nausea 0; 


appetite poor 


Thiamin 9 mg.; liver; nausea o; 


appetite good 


Thiamin 6 mg.; codeine (for 
pain); nausea 0; appetite 


poor 
Thiamin 6 mg.; 
appetite poor 


liver; nausea 0; 


Thiamin 6 mg. increased to 9 
mg.; nausea O; appetite im- 


proved 


Thiamin 6 mg.; liver; nausea 6; 
- appetite very good 


Thiamin 6 mg.; liver; calc.; 
nausea O; appetite good 


Thiamin 6 mg.; liver; calc.; 
nausea O; appetite improved 


Thiamin 6 mg.; liver; nausea 0; 


appetite good 


toy 


Thiamin 6 mg.; liver; nausea o; 


appetite poor 


Thiamin 6 mg.; nausea o; ap- 


petite good 


Thiamin 9 mg. liver; calc.; 
nausea o; appetite improved 





Vor. 49, No. 1 





59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


Prevention of Irradiation Sickness 


TABLE 1—Continued 


89 





. Mrs. 


J.C.D. 


49 


40 


Diagnosis 


Cancer 
uteri 


Cancer 
uteri 


cervix 


cervix 


Cancer left fe- 


mur meta- 
static from 
breast 
Cancer left 
breast 
Cancer cervix 
uteri 
Cancer cervix 
uteri 
Cancer blad- 
der 
Cancer corpus 
uteri 
Cancer cervix 
uter] 


Sarcoma testis, 
with inguinal 
and pulmo- 
nary metas- 


tases 
Cancer 


left 


breast, pre- 
operative 
and postop- 
erative 


Cancer 


right 


breast, post- 
operative; 
sterilization 


Cancer left 
breast, pre- 
operative 
and postop- 
erative 


Duration 


of 


10-24-39 
to 


11-29-39 





No. of 
Portals; 


4-IO XI$5 
(c) 

6-10 X15 
(b) 


3-15 X20 
(f) 


3-10 X15 
I- 8 XIO 


I- 8 X1O 


4-15 XIS 
I-15 X20 


(c) 


* 3-10 X15 


I- 8 X10 
(a) 
I-I$ XI$ 
I- 8 X10 
(e) 
I-IO XI5 
I-I5 X15 
I- 8 X10 
(e) 
2-15 KIS 
(c) 
3-10 X15 
I~ 8 X10 
(a) 
I-IO X19 
1-185 X1§ 
I- 8XI0 
(e) 


Total 


Dosage in 
Treatment] Size in cm.* [Roentgens] 


e) rr a S HH e e m ttti) a e Pai a e e niet) s itt e nem eti $ RR ira 


7,200 


10,200 


4,500 


3,600 


4,500 


: Medication; Commentsi 


Thiamin 6 mg.; liver; nausea 0; 


appetite fair 


Thiamin 6 mg.; liver; calc.; 
nausea moderate; thiamin 
increased to 9 mg.; nausea 
relieved; appetite improved 

Thiamin 6 mg.; liver; calc.; 
nausea o; appetite fair 


* 
Thiamin 6 mg.; nausea o; ap- 
petite good 


Thiamin 6 mg.; liver; calc.; 
nausea slight; thiamin in- 
creased to 9 mg.; nausea 0; 
appetite improved 

Thiamin 6 mg. liver; calc.; 
nausea o; appetite fair 


Thiamin 6 mg.; liver; nausea 0; 
appetite good 


Thiamin 6 mg.; liver; calc; 
nausea 0; appetite very good 4 


Thiamin 6 mg.; liver; nausea 0;, 
appetite improved 


Thiamin 6 mg.; liver; nausea 0; 
appetite poor 


Thiamin 6 mg.; nausea 0; ap- 
petite good 


@ 
ee uim 


: . e 

Thiamin 6 mg.; liver; nausea 
moderate after pelvic treat- 
ments; appetite fair 


Thiamin 6 mg.; liver; nausea 0; 
appetite good 
e 
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Case No. 


69 


70. 


71. 


72. 


73- 


74- 


75. 


76. 


Ee 


SI. 


82. 


and 
Patient - 


. Mrs. 


C.C.F, - 


Mrs. 
M.D.P. 


Mrs. 
T.M. 


Mr. 
O.H.C. 


Age 


66 


63 


Diagnosis 


Cancer larynx 


Cancer cervix 
uteri 


Cancer left 
breast, post- 
operative; 
sterilization 
LÀ 

Cancer nose, 
face, left ear, 


and metas- |. 


tases in neck 


Cancer cervix 
uteri 


Cancer corpus 
uteri 


Cancer of blad- 
der 


Cancer of 
tongue and 
‘floor of 
mouth 

Cancer of lung 
and medias- 
tinum 

e 

Cancer of neck, 
secondary to 
lupus 

Cancer of blad- 
der 


Cancer right 
breast; steri- 
lization 


Prostatic hy- 
pertrophy 


Cancer cervix 
uteri 


William H. Whitmore’ 


TABLE I—Continued 


Duration 


of 


No. of. 
Portals; 


2-10 X15 
I-I§ X15 
I- 8 X10 
2-16 XIS 
(e)(c) 
I- 6X 8 
I~ 7X 8 
(f) 
I- 8X10 
(a) 


6-10 X15 
(b) 


6-10 X15 
(b) 


3-10 XIO 


(f) 


2- 6x" 8 
(f) 


2-IO X20 
3-310 XI$ 
2- 8x10 
(c) 
I-IO X12 


(f) 


3-10 XI0 


(f) 


3-10 X15 
I- 8 X1O 
(a) 
2-15 X15 

` (c) 
2-10 XI$ 


(b) 


Total 


Dosage in 
Treatment] Size in cm.* |Roentgens] 


——M MÀ—— | M M | ——MÀ MÀ — | M ——— M | ———MM ————— 


7,000 
10,200 


6,600 


15,450 


8,200 


fo ,200 


Wo ” 
8 
A Em 
Medication; Commints& è 
. 


Thiamin 6 mg.; nausea slight; 
appetite poor 


s 
JANUARY, 1943 j 





4 
Thiamin 6 mg.; verse, 


nausea 0; appetite fair 


Thiamin 6 mg.; liver; nausea 6; 
appetite improved 


Thiamin 6 mg.; nausea 0; dp- 
petite improved 


Thiamin 6 mg.; liver; calc.; 
'nausea slight; appetite fair 


Thiamin 6 mg.; liver; nausea o; 
appetite good 


Thiamin 9 mg.; liver; nausea o; 
appetite good 


Thiamin 9 mg.; liver; nausea o; 
appetite fair 


Thiamin 9 mg.; liver; nausea o; 
appetite improved . 


Thiamin 6 mg.; nausea O; ap- 
petite fair 


Thiamin 9 mg.; liver; nausea 
slight; appetite fair 


Thiamin none at start; nausea e 
moderate; thiamin 9 mg.; 
nausea o; appetite improved 

.* 


Thiamin 9 mg.; liver; did not 
take full amount, developed 
nausea; resumed full dosage, 
nausea 0; appetite improved 


Thiamin 9 mg.; liver; calc.; 
nausea 0; appetite improved 
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a, : and 
: ; á TABLE I—Continued 
Case yr Duratien No. of Total 
e afd Age| Diagnosis of Portals; | Dosage in Medication; Commentsi 
T Patient Treatment! Size in cm.* [Roentgenst 
GUERRERO, TEENE HERREN TERES P ine, E T SUED URL: LERNEN RN RN DR RR RR 
85. Mrs. 48 | Uterinefibroids| 4- 8-40 | 2-15 X1g Thiamin 6 mg.; liver; nausea 
"ol. C.R.F. to (c) 2,500 moderate I week; thiamin 
C $- I-40 9 mg.; nausea oO; appetite 
` ; good 
84. Mr. 45 | Cancerofblad- | 4- 8.40 | 2-10X15 Thiamin 6 mg.; liver; nausea 
F.B.H. der to I-I2 X12 4,9800 slight; thiamin 9 mg.; nau- 
5- I-40 (f) sea 0; appetite improved 
(case not completed) 
l (transferred) 
85. Dr. 71 | Cancerofblad- | 4- 9-40 | 2-10XI5 Thiamin 9 mg.; liver; nausea o; 
J.W.M der to 1-12 X12 9,800 appetite good 
$- 8-40 | I- 8 X10 
(f) 
86. Mrs. 54 | Cancer corpus | 4- 9-40 | 6-10 X15 10,200 | Thiamin 9 mg.; liver; nausea 
W.N.H and cervix to (b) moderate in 2nd week; re- 
uteri §- 6-40 ‘lieved by thiamin 6 mg., 
hypo. q. 2 days; appetite 
improved 
87. Mr. 56 | Cancer of blad- | 4-11-40 | 2-10 X10 Thiamin 9 mg.; liver; nausea 0; 
W.R.B der to I-IO X12 9,600 appetite good 
$-11-40 | I- 8XI0 . 
(f) 
88. Mrs. 72 | Cancer left 4-29-40 | 3-10 XI$ Thiamin 6 mg.; liver; nausea 0; 
. G.L.C. breast to I- 8X10 8,700 appetite fair 
* 5-28-40 (a) 
89. Mrs. 39 | Menorrhagia $-13-40, | 2-15 X15 Thiamin 6 mg.; nausea slight; 
M.M. to (c) I , 800 appetite fair 
§-31-40 
go. Mrs. 63 | Cancer right | 5-24-40 | 3-IO X15 Thiamin 6 mg.; liver; nausea 0; 
J.B.E breast to - 1- 8X10 7,950 appetite good 
6-21-40 (a) 
91. Mrs. $4 | Cancer cervix | 6- 1-40 | 6-10 X15 Thiamin 6 mg.; liver; nausea 0; 
A.W.R uteri to (b) 10,200 appetite very good 
6-28-40 " »* 
92. Mr. 43 | Cancer of lung | 6-14-40 | 2-14 X18 Thiamin 9 mg.; liver; nausea 0; 
W.P.F to 1-10 XI$ 7,500 appetite good 
7-20-40 (c) ° 
93. Mrs. £4 | Cancer right | 6-17-40 | 3-IO X15 Thiamin 6 mg.; naiffea 05 ap- 
I.M.S. breast,  re- to I~ 8X10 7,800 petite good, 
current 4315-40 | I- 6X 8 -— 
: (a) e 
* 94. Mrs. 58 | Cancer right | 6-17-40 | 1-10 X15 Thiamin 6 mg.; liver; nausea 0; 
J.L.W breast post- to I-IR X15 5,400 appetite very good 
e operative 7-12-40 | 1- 8X10 
(e) | 
95. Mr. 58 | Cancer esoph- | 6-24-40 | 4-318X15 Thiamin 9 mg.; liver; nausea o; 
H.A agus to (f) 10,000 appetite poor (dysphagia) 
8-14-40 
*  '96. Mrs. gs | Cancer corpus | 6-25-40 | 4-10XI1$ Thiamin 9 mg.; liver; nausea 
J.H.D uteri to . (b) 7,400 moderate 8n 4th day; thi- 







amin increased to 15 mg.; 
nausea relieved; appetite 1m- 
proved 


92 


Case No. 


97. 


IOO. 


IOI. 


102. 


103. 


104. 


107. 


and 
Patient 


Mrs. 
P.R. 


Mrs. 
C.P. 


Mrs. 
J.F.D. 


59 


63 


36 


40 


60 


60 


lees 


Diagnosis 


Cancer pelvis, 
metastatic 
from breast 

Mediastinal 
neoplasm 


Cancer cervix 
uteri 


Cancer cervix 
uteri 


Seminoma, ab- 
dominal me- 
tastasis 


Cancer cervix 
uteri 


Cancer left 
breast, post- 
operative 


Cancer corpus 
uteri, with 
abdominal 


metastases 
e 


Tumor, left 
breast, pre- 
operative 

Chromophobe 
adenoma of 

pituitary 


Cancer cervix 
uteri and va- 
gina 


Cancer cervix 
uteri 


William H. Whitmoge 


TABLE l— Continued 


Duration 


of 


7-29-40 
to 

8-24-40 

8- 6-40 
to 

g-1 1-40 


8- 8-40 
to 
9- 6-40 


8-21-40 
to 


, 9- 9-49 


9-16-40 
to : 
IO- 3-40 


9-19-40 
to 
II- 4-40 


9-19-40 
to 


No. of - 


Portals; 


6-10 X18 
(f) 


2-12 X18 


(c) 


6-10 X15 
(b) 


4-10 X15 
(b). 


4-15 X20 
(f) 


6-10 X15 
(b) 


I-IO X5 
I-I5 XIŞ 
I- DOCIO 
(e) 
6-10 X15 
(b) 


3-10 X15 
(a) 


2- 8x310 
2- 6x 8 
(f) 


6-10 X15 
(b) 

I~ 4 cm. 
(a) 
6-10 X15 
(b) 


Total 


Dosage in 
Treatment] Size in cm.* |Roentgenst 


10,200 


3,600 


3,200 


I0,200 
4,800 


30,200 


e ft EE . i 
V JANUARY, 1943 j 
C9. a? 
~ " 


3a 


te. . " 


e. 








Medication; Comments} e 


S 
sup 


Thiamin 9 mg.; liver; nausea o; 


appetite good "x 


Thiamin 9 mg.; liver; nausea o; 
appetite good . 


Thiamin g mg.; liver; nausea o; 
appetite improved 


Thiamin 9 mg.; liver; nausea 0; 
appetite good 


Thiamin 9 mg.; liver; nausea o 
up to 8-20-40; 8-21-40 severe 
nausea with vomiting; 
8-22-40 thiamin chloride 60 
mg. by hypo.; 8-23-40 to 
8-29-40, 30 mg. thiamin, 
daily, by hypo.; completed 
therapy without further nau- 
sea or vomiting; appetite im- 
proved 

Thiamin 9 mg.; liver; nausea 
slight during 4th week; ap- 
petite fair 

Thiamin 6 mg.; liver; nausea o; 
appetite good 


Thiamin 9 mg.; liver; nausea o, 
up to 8-22-40, complained of 
slight nausea; 8-26-40, nau- 

sea moderate; thiamin in- 

creased to 18 mg., by hypo. 
once, then 9g mg. hypo, 
daily. No further nausea, 
and appetite improved 

Thiamin 9 mg.; liver; nausea 0; 
appetite good 


Thiamin o at start; nausea se- * 
vere after first week; thia- ® 
min, 9 mg. hypo., 9-24-40, 
then 9 mg. per os daily; Rau- 
sea ©; appetite improved 

Thiamin 9 mg.; liver; nausea o; 
appetite improved 


Thiamin 9 mg.; liver; nausea 0; 
appetite very good 


: 10-17-40 « 
" E 
l E è 


U- 


\ Vor. 49, No. 1 


v 


v 


` 


tie 


Case 
* find . 
Patient 


109. Mr. 


IIO. 


111. 


II2. 


Iis. 


I14. 


IIS. 


116, 


i19: 


118. 


J.E.C. 


Mrs. 
J.D. 


Mrs. 


V.B.H. 


(F) 


53 


52 


44 


79 


38 


49 


£6 


58 


32 


go 


29 


Prevention of Irradiation Sickness 


Diagnosis 
Cancer of blad- 
der 


Cancer cervix 
uteri 


TABLE l—Continued 


Duration 


of 


9-23-40 
to 
10-26-40 
IO- I-40 
to 
10-28-40 


No. of 


Portals; _ 


I- 8XIO 
(f) 
6-10 X15 
(b) 


Total 
Dosage in 
Treatment] Size in cm.* |Roentgens] 


3-10 X 1O 
10,000 


10,000 


(Had severe nausea with vomiting during radium 
therapy-, without thiamin) 


Tumor, left 
breast, pre- 
operative 

Cancer  pros- 

tate 

Cancer  ante- 


rior thoracic 
wall, postop- 
erative both 
breasts 

Cancer of blad- 
der 


Cancer left 
breast, post- 
operative; 
sterilization 


Cancer of blad- 
der 


Endometrial 
hyperplasia 

Cancer left 

breast 


Cancer left 
breast, post- 
operative 


Cancer of lungs 
metastatic 
from ovary 

Menorrhagia 


Endometrial 
hyperplasia 


IO 4-40 
to 
10-17-40 
10-10-40 
to 
11-19-40 


IO-II-4O 
to 
IO-31-40 


IO-I4-40 
to 
11-22-40 
10-14-40 
to 
11-18-40 


10-14-40 
to 
11-20-40 
10-16-40 
to 
II- 8-40 
10-21-40 
to 
11-18-40 
10-21-40 
to 
II-12-40 


10-24-40 
to 
TI-Ig9-40 
10-30-40 
to 
II-I9-40 
lI- 2-40 
to 
II-I9-40 


3-10 X15 
(a) 


I-10 X12. 
2-10 X10 
I- 8XI0 
(f) 
2-15 X20 


(d) 


3-10 X1O 
I- 8 X10 
(f) 
1-IO X15 
I-15 XI5 
I- 8 X1o 
2-15 X1§ 
(e)(c) 
3-10 X 1O 
I- 8 XIO 


§-10 X20 


(c) 


2-15 X15 
E 


2-15 X15 
(c) 


3,600 


9,400 


3,600 


93 


Medication; Comments] 


Thiamin 9 mg.; liver; nausea o; 


appetite very good ` 


Thiamin 9 mg. hypo. 1st day, 
then 9 mg.; liver; nausea o 
or slight(?); sppetite good 


Thiamin 9 mg.; nausea 0; ap- 
petyte good 


Thiamin 9 mg.; liver; nausea o, 
appetite good 


Thiamin 9 mg.; nausea 0; ap- 
petite improved 


Thiamin 9 mg.; liver; nausea 0; 
appetite improved 


Thiamin 9 mg.; liver; nausea 
slight, one day after each 
pelvic treatment; appetite 
good 


Thiamin 9 mg.; liver; nausea o; 
appetite good 


Thiamin 9 mg.; nausea o; ap- 
petite good e 


Thiamin 9 mg.; liver; nausea 0; 
appetite good 
* * e 
Thiamin 9 mg.; nausea 0; ap- 
petite very good 


a 
8 


No thiamin at first; nausea in 
2nd week; thiamin 9 mg.; 
nausea o; appetite improved 

Thiamin 9 mg.; nausea 0; ap- 
petite good 


Thiamin 9 mg.; nausea 0; ap- 
petite good, 


¥ 
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Schreiner and Stenström! advocated re- ` 


ducing the treatment time by increasing 
the power to the tube, active elimination 
before treatment, high intake of fluids and 
alkaline drinks, and 1,000 cc. of salt solu- 
- tion or 2 per cent solution of sodium bi- 
carbonate per rectum after each treatment. 
In their report they state that with this 
regimen “unpleasant symptoms, with the 
exception of headache, nausea and vomit- 
ing, are rare.’ 

Doub, Bolliger and Hartman* found 
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| = r 
other sedatives, especially codeine and lt- 
minal have been used UN y and. 
freely. 

Young" reported good results with “the ÁF 
use of liver extract, and referred to reports" 
by Dietel and by Webster on the use of this 
preparation. Young gave an average daily 
dose of 2 cc. of liver extract, sometimes as 
much as 4 cc. daily; he reported 30 cases, 
with complete relief in 53 per cent, some : 
benefit in 23 per cent, and no benefit in 23 
per cent. 


TABLE II 


SUMMARY OF 122 CASES 


. Daily Amount of 


No. of Nausea 
Thiamin Chloride Cases O 
Less than 6 mg. 6 O 
6 mg. 79 e 62 
(78%) 
9 mg. ~ 46 36 
(7870). 
Over 9 mg. 9 9 
(10000) 
Over 6 mg., totals 1347 107 
(79.8%) 


Nausea Nausea Nausea obras 
. Slight Moderate Severe ee 
2 k 1 o 
(33%) (50%) (17%) 
I4 3 o fel 
(18%) (4%) 
7 2 1 © 
(16%) e (4%) (2%) 
Ò o o o 
21 5 Ic o 
(15.7%) (3.8%) (0.7%) 


* This table is a summary of 122 cases; 12 cases are listed in two groups, due to changes in dosage of thiamin during therapy. 
Ninety-three of he 122gpatients received concentrated liver extract, containing 6 mg. of thiamin chloride per CC., 0.5 cc. three times 


^ weekly; 35 of these patients also received calcium salts, 1 gram t.i.d. 


that the administration of calcium reduced 
the acufe sickness, also that merphine, glu- 
cose, and ether anesthesia relieved the 
&ymptoms. 

Richagds and Peters! used 14 to 3 grains 
of nembutal given one hour before each 
treatment, or 2. grains of nembutal in sup- 
positories. In their series of cases they 
found that 1 out of 40 would not tolerate 
barbiturates, and that 4 out of 40 developed 
resistance to the drug. They also gave di- 
luted hydroghloric acid to combat the 
anorexia. P6pp and Binger^ also found 
pentobarbital sodium of value 1n reducing 
the incidence of nausea and vomiting, and 


Martin and Moursund! observed that 
animals deprived of vitamin B, developed 
symptoms similar to those with roentgen 
intoxication; they found that animals given 
lethal doses of roentgen rays and then* 
treated with vitamin B, survived or lived ° 
longer than the control animals. Their ex- 
periments suggested that vitamin B; 8 gave 
some protection against roentgen intoxica- 
tion. 

Johnston? has recently reported that vi- 


. tamin B, seems to be the medication which 


offers the most relief in roentgen sickness; - 
in extrefne cases she found that vitamin Bi , 
with snfall doses of nembutalgave satisfac | 


| \f | 


me 
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tóry results. Imler and Wammock? re- 
.portedi214fises treated with vitamin, B,, 
giv podermatically, and state that 


-N roentgen sickness is controlled rapidly and 


“effectively by the administration of vitamin 
B, in large doses. 

The report of Martin and Moursund'? 
suggested that the undesirable and unfa- 
vorable effects of irradiation might be min- 
imized or relieved by the administration of 
vitamin Bı, which is a simple procedure and 
a not too expensive one if it would relieve 
the symptoms of irradiation sickness. This 
sickness, in its severe form, is not of very 
frequent occurrence, but is most likely to 
develop in those who are least able to with- 
stand its effects, that is, in patients under- 
going treatment for cancerous conditions. 
These patients are often poorly nourished, 
frequently anemic from blood loss, and 
often feeble from age and disease. It is in 
such cases that the rule, "treat the patient 
rather than the disease," must be followed, 
and frequently the treatment of the disease 
by radium or roentgen rays has been sus- 
pended or modified on account of the se- 
vere constitutional symptoms of irradiation 
sickness. Often, too, patients who were in 
good condition at the start of radiation 
treatment lost strength and weight, and be- 
came weak and feeble, after four or five 
weeks of roentgen treatments, with asso- 
ciated irradiation sickness; such patients 
required a prolonged convalescence to re- 
cover from the effects of radiation treat- 
ment. The sedative drugs, nembutal, lumi- 
nal, codeine, and morphine, gave some re- 
lief but increased the anorexia, resulting in 


eincreased weakness and loss of weight. Fre- 


. * quently the fluid intake was so reduced that 


dehydration was a factor in increasing the 
debflity. 

Roentgen sickness of the severe type is 
not as frequent with the present methods of 
treatment with modern equipment as it was 


some years ago, but it is still far from un- 


common. A very high percentage of pa- 
tients undergoing radium or cu. ther- 


Q- 
"a y CX eri enmce mild = ym toms ‘such as 
p p p , 
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malaise and anorexia, which are accepted as 
a necessary part of the treatment. In any 
large series of therapy cases, between Io 
and 20 per cent may be expected to develop 
more than mild symptoms of irradiation 
sickness, and without treatment most of 
these will have increasingly severe symp- 
toms with continued irradiation. 

Beginning in October, 1938, a series of 
patients undergoing treatment with 200 kv. 
roentgen rays were given. thiamin chloride, 
synthetic vitamin By, in addition to other 
supportive and stimulative measures. These 
patients were all treattd 1n the office, and 
their diets could not be supervised, but 
they were advised and encouraged to take a 
diet including liberal amounts of milk, eggs, 
fruits ¢ and | fruit j juices. Concentrated | liver 
extract, i usually ‘reticulogen, v was given 1 in 
OS CC. doses, intramuscularly, three times 
weekly iR more than two- thirds of the 
cases; calcjum salts?^ were given to more 
than ur e of the cases, generally as 
the compound of calcium gluconate and di- 
calcium. phosphate, 1 gr I gram t three times daily. 


p ORA ANT 


Thiamin c chloride Was prescribed in jm mg. | 


mI 


táblets, each tablet equivalent to 1 ooo in- 


ternational units of vitamin B,; two tablets 


daily were ordered as the routine dose; if 
any nausea developed or the appetite was 
poor, this dosage was increased to three, 
four, , or more tablets daily. Recently, “the 
minimum dose was Increased so three tab- 
lets, or 9 mg, daily, with additional 
amounts of thiamin as indicated. In most of 
the pelvic and abdominal cases, a 
idal d dose ,technique was used, 
creasing the amount of radiation each 
fourth day up to soo r or more daily. This 
allowed time for the effect of the vitamin 
B, before the larger amounts of radiation 
were delivered. 

This program of supportive treatment 
was not planned to test or prove the efficacy 
of vitamin B, therapy, but was started as 
an attempt to offset some of the unfavora- 
ble effects of roentgen therapy and to im- 


prove the condition of the patients during 


yram- . 
"starting ; 
with ioor to each of two fields*daily and in- : 
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the treatment period; for that reason, no 


control series of cases, without vitamin B; | 


medication, was prepared. 
The results have been most gratifying; in 
a series of 122 consecutive cases, in which 
roentgen irradiation was given to areas of 
i the neck, thorax, abdomen, and pelvis, 
| there was not one case of roentgen sickness 
| of sufficient severity to require modification 
Por suspension of the planned course of 
| treatment; every case that developed nau- 
l sea, or nausea and ` vomiting, was relieved or 
l improved by increasing the dösage of vita- 
| min Bi; in afew cases fairly large doses of 
ithiamin chloride were given hy podermati- 
ically to relieve nausea. Many of the patients 
‘noticed an improvement in their appetites 
Jafter a week or more of treatment; most of 
ithe patients improved in their general con- 
idition and sense of well being during the 
course of roentgen therapy, which was in 
kmarked contrast to our previous experience 
‘with patients undergoing similar courses of 
“therapy. Sedatives and hypnotics were 
avoided, and were "prescribed in “only a few 

cases for r pain or insomnia. 

In some cases the value of thiamin was 
clearly demonstrated. Case 10, Mrs 
. A. K. R., treated for cancer of the bladder, 

 TI-29-38 to 12-27-38, developed severe nau- 

i sea with vomiting; it was discovered that 

) an error had been made in filling her pre- 

i scription so éhat she was taking 0.3 mg. tab- 

£ lets instead of 3 mg. tablets; she was given 

a 9 mg. of thiamin chloride, daily, per os, and 
after two days there was complete relief 
* from nausea. 

In Cases 1%, 22, 80, 106, and 120, thiamin 
„was not prescribed at the start of the roent- 
4gen treatments; in each case nausea devel- 
le after some days of treatment, and was 


Hi 





è 
t 
I 


\relieved after administration of thiamin, 
usually in one or two days. 

Case 81, a physician, did not take the 
full prescribed amount, 9 mg., of thiamin 
daily; in the third week of treatment he de- 

jgiven 0.5 Cc. of querens extract 
‘containing 3 mg. of thiamin, intramus- 
| cularly, repeated three times weekly, and 9 
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mg. of thiamin chloride per os ily; itis] 
nausea was relieved and nis Page efite x 
proved; he was able to or, « k un) 


and completed his treatments in very goodi? 
condition. 

Several cases developed slight or mod- 
erate nausea on a daily dosage of 6 mg. of 
thiamin; increasing the dose to 9 mg., or 
more, gave relief and generally improved 
the appetite; Case 96 required an increase 
to 15 mg. daily to relieve the nausea. 

Case 49, Mrs. M. T., aged forty-eight, 
with recurrent cancer of the cervix uteri, 
had been treated in 1937 with 200 kv. 
roentgen rays; during the entire course of 
that treatment she had been nauseated, 
with some vomiting and no appetite, and 
was very weak at the completion of the 
course: she was treated from 9-14-39 to ] 
10-18-39, through six xoX15 cm. Por i 
using roentgen rays generated at 200 kv., 
with 1.0 mm. copper and 1.0 mm. L1 
num filters, pyramidal dosage, total of ? 


10,200 r, measured in air; she was given | 61. 


mg. of thiamin, daily, by moutli; and o. .$ CC Ce. -E 
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of reticulogen intramuscularly y thrée 1 times: : 
maintained a good appetite, and aime 
at work during the entire course of therapy.” 

Case 94, Mrs. J. L. W., aged fifty-eight, 
in 1938 was given roentgen treatments fol- 
lowing a radical left mastectomy; she suf- 
fered from anorexia and nausea during the 
treatments, with loss of weight and strength. 
Following radical right mastectomy, roent- 
gen treatments were given from 6-12-40 to 
7-12-40, during which the patient was given 
6 mg. of thiamin daily, and 0.5 cc. of reti- 
culogen three times weekly; she had no* 
nausea, maintained a' good appetite, and * 
gained several pounds in weight during the . 
month of treatment. 

Cases 70, 75, 82, 99, 102, and 110, had 
been severely nauseated during radium 
treatments preceding the roentgen treat- 
ments. During the period of the roentgen 
therapy, with thiamin administration, there 
was slight or no nausea. | 

Case 101, 
from seminoma of fhe testis, developed se- * 


i \ ( À 


a 
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velt ngusea and vomiting after eighteen 
days ofitregsfhent; he was given 60 mg, of 
thiami ypodermatically, then 30 mg. 


. Adaily; the course of roentgen therapy was 


+ 


completed without further nausea, and with 
improvement in the patient’s appetite. 


" SUMMARY 


The literature of irradiation sickness has. 


been reviewed, in part, and certain theories 
and methods of treatment abstracted from 
published reports.One hundred and twenty- 
two cases are reported, who were given 
thiamin, some of whom also received con- 
centrated liver extract and calcium salts, 
during the period of roentgen therapy; 
these cases received treatment over fairly 
large areas of the neck, thorax, abdomen 
and pelvis (see Table 1). A considerable per- 
centage of such cases would be expected to 
develop moderate to severe symptoms of 
roentgen sickness. 

Any degree of nausea admitted or com- 
plained of by the patient was considered an 
indication of irradiation sickness; these 
cases were graded in four cla$ses: slight 
nausea, moderate nausea, severe nausea 
with vomiting, and severe nausea and vom- 
‘iting requiring modification of radiation 
therapy. Of the cases given 6 mg. or more of 
thiamin chloride daily, 79.8 per cent had no 
symptoms of irradiation sickness; 9 cases 
given more than 9 mg. of thiamin daily had 
no symptoms of irradiation illness. Table 
1x shows the division of the cases according 
to the amount of thiamin given and the de- 
gree of symptoms of irradiation sickness. 


tus CONCLUSIONS 


The various theories as to the causes of 
roentgen sickness do not explain all of the 
clinfcal changes noted. None of the theories 
explain why a small dose of radiation over 
a moderate sized area of the body in cer- 
tain individuals wil cause rather marked 
constitutional symptoms, while larger doses 
in other cases cause no reaction HOH eny sign 
of irradiation sickness. 


.^ On the basis of the similarity of the 


symptoms of vitamin? B; deficiency and 


any, 
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those of irradiation sickness? and the 
clinical results of vitamin B; administration 
in irradiation sickness,’:*!° it is suggested 
that vitamin Bı is required to metabolize 
the products of nuclear disintegration or, 
other substances produced in the body by 
irradiation, and that when there is an ade- 
quate supply of vitamin B, in the body ir- 
radiation sickness does not develop. It 1s 
known that vitamin Bi is required for cer- 
tain metabolic processes and that its effect is 
purely functional. In vitamin Bi deficiency 
there is anorexia or decreased appetite, de- 
creased tone of stomach*and intestinal mus- 
cles with constipation, and certain types of 
nerve disturbances; in irradiation sickness, 
there is anorexia, nausea, vomiting and 
constipation. 

Irritation sickness may be prevented by 
the administration of adequate amounts of 
thiamin chloride; from 6 to 9 mg. daily 
should be given to patients undergoing ra- 
dium or roentgen therapy, and if any 
symptoms of irradiation sickness develop 
the amount of thiamin should be increased.* 


I wish to express my appreciation to Dr. Clayton 
W. Eley for permission to use the cases on which this 
paper is based; these cases were all treated in the 
private service of Dr. Eley. 
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CLASSIFICATION OF EPITHELIAL CANCERS 
: BASED UPON SITE OF ORIGIN* 


By E. A. MERRITT, M.D., and RALPH M. CAULK, M.D. 


Garfield Memorial Hospital and Warwick Memorial Clinic 
WASHINGTON, D.C. 


AN INCREASED responsibility is con- 
stantly being placed upon the radiolo- 
gist in the diagnosis and treatment of 
malignant disease. More and more it be- 
comes necessary to have a broader concept 
of cancer in general and, specifically, with 
respect to the individual manifestations. 

By and large, prime importance has been 
placed upon the microscopic aspects of ma- 
lignancy; but as we become more familiar 
with the effects of roentgen rays and radium 
upon the various tissues, we develop in- 
creased respect for the tumor bed and the 
particular region from which the malignant 
cells have their birth. 

The recognition of these factors is highly 
important as a guide to the type of treat- 
ment to be used and the prognosis in the in- 
dividual case. e 

Coutard,! in his various publications, has 
repeatedly stressed the importance of the 
tumor bed and pointed out the example of 
three lesions, i.e., those of the tonsil, the an- 
terior pillar and the posterior pillar, wherein 
are presented three different types of malig- 
nancy all having their origin within a few 
millimeters of each other and all capable of 
enveloping the other in their growth. Each 
of these manifests a sensitivity that is in- 
herent in its tissue of origin and largely in- 
dependent of the individual cell type. 

> Roux-Berger? demonstrated that the cur- 

ability of various lingual lesions depended 
greatly upon the particular portion of the 
tongue which was involved. 

Cutler, Buschke and Cantril? have in- 
dexed the subject matter with considerable 
emphasis upon this concept of tumor origin. 

The matter has been brought to our at- 
tention more profoundly during the past 
year when it was decided to revilkw some 


two thousand cases of cancer which had 
been treated since 1932 in our own institu- 
tion. The review was undertaken with a 
two-fold purpose, namely, to eValuate the 
results of treatment and at the same time to 
reclassify the cases so that a more satisfac- 
tory cross-index could, be instituted "and 
promulgated. 

It would seem almost imperative that 
various workers in this field have a common 
classification if we are to compare the re- 
sults of various techniques and methods of 
treatment. 

Lastly, we find it most stimulating to ad- 
here to a rigid classification of this type. An 
exhaustive*study from the standpoint of 
history, physical examination, roentgen ex- 
amination and microscopic study is often 
necessary to accomplish this purpose. The 
net result in knowledge gained of each par- 
ticular lesion is well worth the effort. 

The proposed classification embraces 
only the epithelial malignancies with the 
sole exception of the lymphosarcomas, 
many of which originate in and about Wal- 
deyer's ring. These are included on the ba- 
sis of behavior simulating that of the 
carcinomas. 

The numerical listings included in the 
following classification serve no ‘parpose 
other than to indicate the relgtive propor- 
tions In which the various lesions have pre- 
sented themselves in our own serie$ of cases 
treated between 1933 and 1940 inclusive. 


SUPERFICIAL EPITHELIOMAS 


Superficial cancers of the face, neck, and 
scalp constitute by far the greatest percent- 
age of malignant lesions treated by the ra- 
diologist. We classify many, of these as 
originating 1n special localization, such as 


* From the radiofogical clinic of Drs. Groover, Christie, and Merritt. Presented at the Forty-second Annual Meeting, American 
e ® Roentgen Ray Society, Cincinnatf Ohio, Sept. 23-26, 1941. 
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Cases within this region. One must be caretyt to * 
x de p and sealp...........+.+-. "a 523 differentiate epitheliomas orffsating in the 
a. XLDOLHAl Qul... 90 ee 8 ae eee n ° : 1 
b. External auditory canal......... 3 nasal PERCE MEM SIUS ES PALLE . 
c. Eyelid...... VLL 33 ethmoids or the antra and invading the naf 
d. Ocular conjunctiva............. o sal fossa secondarily, from primary lesions 
e. Nose............0-05- PE 89 in this region. It is also sometimes difficult 
f. an ee M 103 to determine whether lesions which fill the 
bx ee ee eee choanae actually originate within the nasal 
a special tumor bed.......... 240 ipe 
is cavity or within the nasopharynx. 
2. Extremilless c das bbw ae ekg a eer ees 37 
Le Trunk. POE ccr II Na ACOR s HS SE 
Ao PEMS oo 2denddcdqubSLNOTOQ eismod E 5 C 
Um. EE O METTE 16 ROT 
E eee DRM NUMEN HER y L Sphenpids 1:3 eie A RE A o 
2 COWEN Soc. ee nob acting bas Sebastes 2 
upon a cartilaginóus base, because they 3- IcthmollSdo cedo een ene Saregama d stre V3 
ANTA ib ousuea cat ees Sa diea Saas 16 


constitute certain problems both as regards 
treatment and prognosis. Consider, for in- 
stance, a carcinoma of the external audi- 
tory canal as compared with an epithelioma 
of the lip, both of which are relatively of 
very superficial origin, yet the former is 
rarely curable whereas the latter is just the 
opposite. Š 

In most discussions of malignancy, epl- 
theliomas of the penis are included with the 
male generative organs, while those of the 
vulva are included with the female genera- 
tive organs. It would seem that their super- 
ficial origin demands that they more rightly 
be placed in the category of superficial epi- 
thelioma of special location. The same holds 
for carcinoma of the anus which usually is 
included with carcinoma of the alimentary 
tract; but the pæture is that of superficial 
. epidermoid carcinoma and the mere fact 
that they tend to infiltrate past the muco- 
cutageous junction into the rectum before 
they are usually recognized clinically makes 
them no more a portion of the alimentary 
tract th&n does an epithelioma of the lip ex- 
tending into the mouth make it a carcinoma 
of the buccal cavity. 


NASAL CAVITY 


Cases 
Is DurbIBafeS. Sl o WERDE AERE E Eu 3 
2; DEDEUIIS c oeks b TDERCIP PEU UE ee d aS 4 


It is sometimes difficult to differentiate 
precisely the site of origin of these lesions. 
In the first place, there are a relatively 
small percentage of lesions that originate 


Primary epitheliomas of the sphenoids 
must be exceptionally rare. Most malignant 
lesions in this region must originate in the 
nasopharynx and invade the sphenoid sinus 
secondarily. Likewise, epitheliomas of the 
frontal and ethmoid sinuses are seldom 
seen. | 

The antra are by far the most common 
site of malignant degeneration in the nasal 
accessory ginuses. They often grow to quite 
large size and may invade either the orbit 
or the nasal fossa, or the hard palate and 
superior alveolus before they are recognized 
clinically. These facts must always be borne 
in mind when lesions presenting in these lo- 
cations are submitted for diagnosis and 
treatment. | 


ORAL CAVITY 


Cases 
To PICO MS ois fi ayant cU DU ict net ares AD dei 25 
2. Buccal MUCOSA ¢ cine ¥ od ada Ra da RESO 26 
3. Hard palate........ oso ea Nag Glace TEN SUN 1 
Ae TONGUE, euena nA E Ree eae 62. 
d. Dorsufk.oss derer M ARES XO d 26 : 
b. Base. ..... Rudd sea DA ee ee I4 
c. Infralingual portion................ 22 


The infralingual portion of the tonge in- 
cludes those lesions of the floor of the 
mouth. At times it is difficult to determine 
whether a lesion arises on the epiglottis or 


-in the base of the tongue. As stated above, 


it is also imperative when confronted with 
a lesiod of the hard palate or superior al- 
veolus to eliminate the antrum as a primary” 
site of origin. Dorsal lingual lesions present e 
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. an ig different problem from those of 
the bas@bf tha«ongue or infralingual lesions 
due largely: to the dense vasculo-connective 

“tissue constituting the tumor bed. 
NASOPHARYNX 

e I. Roof 

» 2. Posterior wall 

3. Lateral wall 

ERa | REE EERE eae pee E 15 cases 


Lesions of the nasopharynx have usually 
grown to such a large extent before they are 
recognized that a precise appraisal of their 
site of origin 1s extremely difficult. It would 
appear, however, that there are at least 
three definite locations from which these 
originate. Undoubtedly, some of these le- 
sions must begin in the eustachian tubes al- 
though this is extremely difficult to prove. 


OROPHARYNX 
Cases 
be Antenor plat eoa bred aed a RN 2 
2. Tonsll-:- i diets 4 ace eae eee Sek Cokie see ees 34 
42: Posterior pillare saco ep erene I 
4. DOIE DAL AEG a5 aua ee IU Edad Eins 9 
g. Free border of the epiglottis............. 4 


Lesions of the tonsil, as is well known, 
are extremely sensitive and offer an excel- 
lent prognosis if found without glands, 
whereas lesions of the anterior pillar are ex- 
actly opposite and are seldom, if ever, cura- 
ble. Lesions of the soft palate and free bor- 
der of the epiglottis are quite sensitive to 
radiation; also, with the latter type, quite 
prone to exhibit glands, when first seen. 

Lesions of the posterior pillar, while ex- 
hibiting a moderate degree of sensitivity, 
are often accompanied by extensive inva- 
son in the lateral and posterior pharyngeal 
walls. 


HYPOPHARYNX 
e Cases 
I. Lateral pharyngeal wall................. 4 
2. Posterior pharyngeal wall...... EE EEE 3 
5: Pyriform SIBUS s preiera s RaR 9 
4. Aryepiglottic fold............llluulu.u. 1 


The close proximity of the hypopharynx 

and the larynx has led to consideralfle con- 
«sion regarding lesions originating within 
,e»this region. The otolawyngologist classes 
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many of these as intrinsic and extrinsic car- 
cinoma of the larynx based upon extént of . 
the disease. This is entirely a surgical con- 
cept and disregards the fact that a lesion 
originating within the hypopharynx and in- 
volving the larynx secondarily is an entirely 
different matter from a lesion originating 
within the larynx involving secondarily the 
hypophyarynx. A history of hoarseness and — 
dysphagia characterizes malignancies of 
these sites, and the sequence of develop- 
ment of these two symptoms when both ex- 
ist is almost a certain clue as to the site of 
origin. 

Hypopharyngeal [edens do not manifest 
the curability that laryngeal lesions do. Le- 
sions of the posterior pharyngeal wall, while 
they often manifest a primary sensitivity, 
tend to infiltrate far upward and downward 
under the mucosa and are rarely, if ever, 
sterilized. The same holds for lesions of the 
lateral pharyngeal wall. Lesions of the pyri- 
form sinus stem to be controlled in a small 
minority of cases but invasion or recurrence 
in the constrictor muscles of the esophageal 
mouth is extremely common and prevents a 
cure. Lesions of the aryepiglottic fold are at 
the dividing line between the pharynx and 


.the larynx and are usually either laryngeal 


or pharyngeal. We have had one lesion 
originating high up on the free border of the 
aryepiglottic fold near the point of insertion 
with the epiglottis that wag extremely sen- 
sitive. 


LARYNX 
Cases 
i. Vestibule: 0. ot seis zuo toe Es ma I2 
3. TUG CORO. ll vv vnbbukeiu miu Mr S 
3. Subglottis. ...... EMPIRE DUM na aa 2 


Vestibular lesions include those efbitheli- 
omas originating on the laryngeal face of 
the epiglottis, the false cord and the ven- 
tricular cavity, and manifest a high degree 
of radiosensitivity and radiocurability when 
they have not invaded. too far. They are 
prone to earlier glandular involvement than 
are lesions of the true cord of, subglottis, 
and in this respect they partake very much 
of the character of hypopharyngeal lesions. 
It would appear that vestibular lesions are, 
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for the most part, inoperable even by the 
most ambitious surgeon. 

Lesions of the true cord are most cer- 
tainly radiosensitive and radiocurable in a 
large percentage of cases unless they assume 
primary infiltrative characteristics, as noted 
by early and complete fixation with or with- 
out involvement of the cartilages. Lesions 


of the subglottis are the most uncommon . 


and must be differentiated from primary le- 
sions of thé trachea. The close proximity to 
the cricoid cartilage with tendency toward 
infiltration in many instances leads to a 
poorer prognosis from the standpoint of 
radiotherapy. 

TRACHEA 


Total number of cases.........0- 2c ce eee ees 3 


Carcinoma of the trachea, as one gleans 
from the literature, must be extremely un- 
usual. We have treated 3 cases in the past 
eight years, one of which was treated in 
1934 and lived without a recifrrence until 
one year ago. The other two have been 
treated in the last two years and both have 
been dramatic in their response to irradia- 
tion, and remain symptom free to date. 


LUNG 
Total number of cases.............. PPS 28 


We can dismiss this without going 
further. It seems to be the general consen- 
sus that al] epitheliomas of the lung are of 
bronchogenic origin. 


ALIMENTARY TRACT 


us ° Cases 
Ic PSODNAGUS Seis REV DE ea es 12 
Fy SOMA CN Seles aie Ga eee ewe ae EUER 55 
4. omall bowel. love kA eR EY Oo 
4. Largdintestne.. iuo kb ra deeb honcho 46 
P RECM lover ra ce ee ETE issue dg 


Epitheliomas of ‘the large intestine in- 
clude the rectum from a strictly anatomical 
standpoint. Its special location, however, 
with ready accessibility from the anal ori- 
fice justifies a separate classification. 


Ld 
LIVER, BILIARY PASSAGES, AND PANCREAS 


It is extremely difficult to differentiate 
the various sites of origin of cancers in this 
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1. Liver 

2. Bile ducts "T 

3. Gallbladder *". à 

4. Head of the pancreas ; 

5. Tail of the pancreas 4 
Total number of Ca868..«. csse e II 


region. Carcinomas of the head of the pan- 
creas and biliary passages are often such an 
integral part of the entire malignant proc- 
ess discovered either at operation or au- 
topsy that much study. 1s necessary to ar- 
rive at a precise diagnosis. 


FEMALE GENERATIVE ORGANS 


Cases 
I OVa ies ee ue i IET 65 
2, Corpus uteri. .......rse.. bi cs iS 67 
3o C GEVDUUCOEITa Lue conos eva iod estes 331 
4. Vaginal WAS deo ised chee Snes dno navn doe Mrs 12 


Little need be said regarding carcinoma 
of the ovary. The diagnosis is usually made 
at operation and the sensitivity and prog- 
nosis will probably ultimately depend upon 
its degree of dissemination, and second, 
whether it is a solid or cystic type of tumor, 
and if solid, the microscopic site of origin as 
determined by cellular characteristics. 

Carcinoma of the corpus uteri must be 
differentiated from cancer of the cervix, 
however, and regarding this we have only 
two things to say: Undoubtedly, we may 
find an adenocarcinoma of the cervix but 1t 
is extremely rare to be presented with an 
epidermoid carcinoma originating within 
the corpus; the endocervical origin of many 
epidermoid carcinomas must always be 
kept in mind and may exist without visible 
evidence of ulceration. The differentiation 
from corpus cancer must be made from the 


histologic picture. 


Regarding epitheliomas of the vaginal" 
walls, as one studies them more cargfully 
they fall into a very small minority and usu- 
ally represent. upward extension from car- 
cinoma of the vulva or downward extension 
from carcinoma of the cervix. 


i MALE GENERATIVE ORGANS 


Case 
Y. POs bate oo coerente iE uM 
2. Testicle.......... AREA CONDE 20 


a 495 No. I 
: \, URINARY TRACT 
: Cases 
IY NIOBOy A E EE a eee EEE S 31 
E IERI am MUCIUS 80 
CN Cii. E 5 
ENDOCRINE GLANDS 
e Cases 
ER Thyroid. i era Ae ee cauti npe df bass 8 
S. Parathyroid oo 5c cae DN dus on cae kan I 
BREAST 
Total number a coo turer. Vu de 574 cases 
” SUMMARY 


It is obvious that there are imperfections 
and difficulties in formulating and applying 
a classification of this type. Theoretically, 
and practically, other sites of origin for epi- 
theliomas must exist, as for instance, the 
lacrimal glands, fallopian tubes, vas defer- 
ens, etc. Yet we find that grouped in this 
classification are embraced the vast ma- 
jority of all cancers which come to the radi- 
ologist for diagnosis and treatment. A cross- 
index file based upon this classification 
makes cases readily accessible to follow-up 
and study. The concept is purely anatomi- 
cal and is largely divorced from previous 
surgical or pathologic and microscopic im- 
pressions. 
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DISCUSSION 


Dr. Howanp P. Dovus, Detroit, Mich. This is 
a veryeinteresting paper, essentially on the ana- 
tomical classification of malignant tumors, with- 
out taking into account the pathological cel] 
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structure. The regional origin of these tumors 
connotes to radiologists certain clinical impres- 
sions which we have gained over a period of 
years, and this has been indicated in several in- 
stances by the authors. We feel, however, that 
the pathological classification based on histo- 
logical sections is also of importance, and has 
important implications, as it indicates to us in 
many instances the radiosensitivity of tumors, 
the probability of metastases, the rate of growth 
of the tumor, and certain reactions of fibrous 
tissue. : 

To radiologists the regional origin of tumors, 
of course, indicates rather broadly certain clues 
as to cell type. If the tumor involves the lower 
lip, it is usually of squamous-cell origin, whereas 
in other portions of the face it may be of either 
type, but is usually basal cell in type. 

It would have been interesting for Dr. Caulk 
to give us the type of radiotherapy which he 
used, either the fractionated type of therapy or 
the massive dose, the amount of voltage, the 
number of roentgens, and so forth. 

We feel that the tumor bed is an extremely 
important faetor in our treatment of tumors, in 
our estimation beforehand, how much dosage 
can be safely applied, and what the results are ` 
likely to be. In many instances, of course, these 
tumors are not available to direct irradiation 
and therefore we are handicapped to start with. 
Some of these tumors that he showed here on 
the anterior pillar could be treated more ad- 
vantageously and with better results if they 
were available to direct irradiation, such as the 
squamous cell tumors that occur on the lower 
lip. We are, of course, limited by the vital struc- 
tures around the tumor so that we cannot al- 
ways apply the dose that we wish, and in some 
instances we cannot apply it at right angles. We 
attempt, of cotirse, with small limiting tubes,to 
get the radiation in and to shield the surround- 
ing structures but, as we all know, fhat is a very 
difficult procedure in many cases. 

I think the authors are correct in calling tu- 
mors in various parts of the body epitheliomas. 
You can broadly use an anatomical and a path- 
ological description, and, by combining those 
two, can obtain a better classification. 
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THE EFFECT OF ROENTGEN IRRADIATION 
ON EPIPHYSEAL GROWTH | 


I. EXPERIMENTAL STUDIES UPON THE ALBINO Rap e = 
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and EDWARD À. GALL, M.D. 
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IN THE course of an earlier investigation’ 
it was shown that the growing epiphyseal 
plate of the albino rat was very markedly 
sensitive to roentgen irradiation. It was 
noted that relatively small doses caused 
sufficient injury to interfere significantly 
with the growth process. The apparent 
specificity of this effect upon epiphyseal 
cartilage with smaller doses (600—1,800 r) 
and the absence of associated permanent 
injury in other structures within the field 
of treatment (bone, skin and bone marrow) 
was considered noteworthy. 

The present investigation was under- 
taken to amplify this study and to deter- 
mine the following points: 


1. What dosage produces maximal effect 
on the epiphyseal plate without perma- 
nently damaging juxta-epiphyseal tissues? 

2. What is the effect of varying. dosages 
on longitudinal bone growth? 

3. Does bone deformity, maldevelop- 
ment, or fragiMty occur after such treat- 
ment? 


To this end, graded dosages of roentgen 
rays were applied to the growing epiphyses 
of albino sats and a series of roentgeno- 
graphic and histologic studies pursued. 


METHODS 


One hundred and thirty-three albino rats of 
the same stock constituted the experimental 
group. These were subdivided according to age 
at the time of irradiation into Group 1, in which 
the animals were thirty days old; Group 1, 
ninety. days «old; and Group III, 180 days old. 
The purpose of this division was to determine 
the variability of response, if any, which might 


* Aided by a grant from the National Foundation for Infantile Paralysis, Inc. e 


104 


result from differences in growth rate at varying 
ages. 

The rats in Group 111, 180 days old, had rela- 
tively mature skeletons and grew so slowly 
during the period of observation that accurate 
measurement of change in bone length was im- 
possible. This group was therefore excluded 
from final roentgenographic consideration. 

All animals were housed in suspended open 
meshed wire cages and subsisted upon the 
Sherman BMS diet recommended by Russell. 
To this, there was added for the purpose of inci- 
dental studies 3 per cent by weight of Dutch 
madder.! 

Each group contained 3 control animals to 
whom no radiation was administered. These 
served merely as direct check controls since con- 
siderable material was available from untreated 
extremities in the treated animals. The age 
groups were subdivided into treatment groups 
in each of which were approximately.6 animals. 
All of the animals in a given treatment group 
received equal amounts of radiation, the in- 
dividual group dosages ranging as follows: 
665 1, 935 r, 1,000 r; 1,165 15 1,335 P, 3,500 T 
and 1,800 r. Each dose was administered at a 
single sitting to the right hind extremity, the 
field centering about the knee joint. The ap- 
paratus was so arranged that the medial surface 
of the thigh received the entrance dose and the 
lateral aspect, the exit dose. The remainder of 
the body was adequately protected by a lest 
screen. 

Roentgens were measured in air with a 
Victoreen dosimeter and were derived from a 
Picker-Waite generator, the qualities of which 
were as follows: 200 ky. (peak), 20 ma., 24 cm. 
distance, 0.25 mm. copper plus 1.0 mm. alumi- 


num filtration, intensity 203 r per minute,» 


copper half-value layer 0.75 mm. 
Animals were immobilized for irradiation by 


strapping with adhesive tape and an Ace band, 


\ x 
` 


to À 
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‘ ado a Y-shaped plywood board, the hind ex- 
trem 


‘ beinggabducted upon the divergent 


` .arms of the Y. Teleroentgenograms were taken 
e Wittsn «ftw days before irradiation and again 


«upon the day on which the animals were sacri- 
ficed. The rats were sacrificed by decapitation 


e at intervals ranging from one to thirty-six 


v. 


weeks after irradiation, the schedule being so 
arranged that a period of four to six weeks 
usually intervened between the sacrifice of sub- 
jects from the same treatment groups. 

Material for histologic study was chosen as 
follows: 

(a) Two sections of skin within the area 
traversed by the roentgen-ray beam, one from 
the lateral and one from the medial aspect of 
the lower end of the thigh. The lateral specimen 
included subcutaneous tissue and both super- 
ficial and deep musculature, the medial ex- 


. tended through the fatty panniculus only. In a 


few instances lymph nodes were included. 

(6) The knee joint was then exposed and a 
fragment of infrapatellar synovia excised. 

(c) The femur was disarticulated, freed of 
investing soft tissues, and the lower one-half 
split longitudinally between the condyles. Sec- 
tions thus included metaphyseal bone, epi- 
physeal plate, epiphysis and articu]ar surface. 

(d) From the metaphyseal end of the femoral 
shaft a portion of marrow was removed with a 
blunt probe and deposited upon a small piece of 
filter paper. 

Soft tissues were all fixed in Zenker's fluid 
with acetic acid and paraffin sections were 
stained with phloxine-methylene blue. Bone 
was fixed in Bouin's solution, decalcified with 
5 per cent nitric acid in alcohol, and stained 
with hematoxylin-eosin. 

Sections from each of the aforementioned 
areas were studied in order to establish the 
presence, if any, of injurious effects of irradia- 
tion and to grade these according to the degree 
"of severity of the lesion. Since detailed his- 

è tologic data have been described elsewhere,97.? 
the observations are recorded in comparatively 
briefeform. Attention was directed primarily at 
the determination of that amount of roentgen 
irradiation which would effectively impede ac- 
tivity of the epiphyseal plate but would not 
interfere with the integrity of adjacent or 
covering structures. 

E 


OBSERVATIONS 


«e Skin and BU FAPAHZONS Tissue. With the 
f 


Í. 
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amount of irradiation utilized in these 
experiments only minimal cutaneous’ reac- 
tions are produced. No evidence of perma- 
nent alteration of structure is elicited. 
Doses up to 1,165 r cause only slight vascu- 
lar congestion (one to four weeks), minor 
degrees of keratosis (three to*six weeks), 
and scanty infiltration of the corium with 
small numbers of lymphocytes and mono- 
cytes (one to four weeks). With 1,335 r or 
more these lesions are increased slightly in 
prominence and in addition an occasional 
hair follicle exhibits loss of sheath stratifica- 
tion, epithelial degeneration and epilation 
(two to five weeks). These changes never 
attain significant proportions and after the 
tenth to fourteenth week no residual ab- 
normality can be detected. Subcutaneous 
tissue, blood vessels, sebaceous glands and 
skeletal muscle remain unaffected. In 
lymph nodes included in these sections a few 
show excessive numbers of phagocytic cells 
within their*sinuses, but they are otherwise 
not remarkable. 

Sections taken from the medial aspect of 
the thigh are histologically identical with 
those from the outer side with dosages of | 
1,165 r or less. Larger amounts of irradia- 
tion cause a slightly greater degree of round 
cell infiltration and hair follicle degenera- 
tion on the inner surface of the thigh (the 
area directly subjected to the roentgen 
rays). Such lesions are focal, however, and 
subsequent epilation is never sufficient to 
permit microscopic recognition. Small clus- 
ters of lymphocytes and a few stunted hair 
follicles pefsist up to twenty-two. to“thirty 
weeks after irradiation but after this period 
complete re-establishment of the. normal 
structure occurs. Sweat glands, "present 
only on the inner surface of the thigh, are 
apparently unaffected by the doses applied. 

Bone Marrow. The results of the present 
study are in complete agreement with the 
observations made upon the series studied 
in our earlier investigations.? There is de- 
pletion of approximately one-half or less of 
the marrow cellular content in the field of 
irradiation within two to three weeks (Fig. 
1). There are no indications of actual necro- 
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sis; expansion of fat replaces the cells which (Fig. 2). With dosages up to 1,335 zgfhis * 
have disappeared. Regeneration during the constitutes the complete™ sequence of 
i Z TEE | events. Higher dosages cause a ggcondary 
yom A e- fall which, however, with the amount of” 
irradiation applied in these studies rarely 
exceeds that of the primary phase. A dosage 
of 1,500 r causes a permanent reduction to 
approximately two-thirds of the normal; 
but higher doses are followed by more 
marked hypocellularity, hematopoietic ele- 
ments comprising only one-half to one- 
fourth of the pretreatment marrow content 
(Fig. 3). These changes necessarily indicate 
evidence of significant injury but it should 





Fic. 1. Femoral bone marrow ten days after irradia- 
tion (1,000 r). There is marked depletion of mar- 
row cells with replacement of fat. Phere is no evi- 
dence of necrosis. X350. 





Fic. 3. Femoral bone marrow 190 days after irradia- 
tion (1,800 r). Marrow has again been diminished 
in cellularity and the fat content proportionately 
increased. X150. 


be remarked that such alterations have 
been observed only in the highest dose 
group. p 
Observations of qualitative effects may 
be summarized briefly. Primary diminution 
of marrow content is almost wholly the’ 
result of a sharp fall in the number ofe 
normoblasts, elements constituting ap- 
| proximately one-half of the nucleated tom- 
Fic. 2. Femoral bone marrow thirty-five days after ponents of normal marrow. Apparent re- 
aber VIS r). EN xni ipis generation of these cells -contributes to the 
rn to a level approxima ; : f l . 
is E Ne gi cud Ls i = ml = re-establishment of marrow bulk during the , 
megaa aies 36: second to fourth week following dosages of : 
° 665 to 165r. Animals subjected to greater 
succeeding two to four week period permits amounts of irradiation reveal very slight 
the return of cellular volume to a level normoblastic regeneration, the secondary? 
approximating that preceding treatment rise resulting main#y from an absolute in- e 


i 








cMgse_ in the number of polymorphonu- 
clear&. In the$e rats, subsequent to the at- 
tainmegg of the peak of regeneration, the 
- relative numbers of nucleated red cells 
continue to diminish progressively, so that in 
later specimens, mature granulocytes con- 
stitutg the great majority of marrow cells. 
s- Despite the variation in cell content there 
is no evidence of abnormality of the fatty 
marrow (Fig. 3). This tissue merely exhibits 
a compensatory increase during the periods 
of hypocellularity. Neither fibrosis, edema, 
hemosiderosis, nor blood vessel abnor- 
mality is detected. It is reasonable to con- 
clude, therefore, that with the exception of 
blood forming cells no significant injury is 
sustained by any of the mesenchymal and 
nutritional elements comprising the mar- 
row 
. Synovia. The synovia in the region 
studied normally consists of fibrofatty 
tissue with only moderate vascularization. 
Overlying this stroma synovial cells are 
sparse and flattened in appearance. A rare 
phagocytic cell is observed in the sub- 
synovial tissue. ° 

Irradiation with 1,165 r or less causes no 
detectable variation from the normal. Dos- 
ages of 1,335 and 1,500 r apparently cause 
focal thickening of the synovial layer with- 
out particular evidence of intrinsic damage. 
In such regions synovial cells are somewhat 
more cuboidal in shape and very occasion- 
ally form two or three superimposed layers. 
Monocytes and lymphoid cells are slightly 
increased in numbers in the subsynovial 
region but are never very abundant. No 
evidence of necrosis or unusual proliferative 
“activity is noted (Fig. 4). With 1,800 r 
«single clusters of monocytes assuming the 
appearance of epithelioid cells are observed 
in a*few specimens. These are never associ- 
ated with the faintest suggestion of casea- 
tion or giant cell formation. 

The Epiphyseal Plate. The data re- 
corded by Dawson? and our own control 
series have shown that epiphyseal plate 
activity in rats in both proximal tibia and 

‘distal femur-ss continuous throughout the 
M. iuis age "y studi&l in. this investiga- 
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tion. Maximal ages attained in the youngest 
and oldest groups were 300 and 450 days 
respectively. It was found, however, that - 
the rate of growth could not be predicted on 





Fic. 4. Infrapatellar fat pad 100 days after irradia- 
tion (1,800 r). The synovial surface is intact and 
the subsynovial fat normal in appearance. X140. 


the basis "of the morphologic structure 
alone. In older animals the cartilage of the 
epiphyseal plate proper was histologically 
indistinguishable from that found in the 
youngest rats. In spite of this the rate of 
growth was found by roentgenographic 
studies to diminish slowly up to the nine- 
teenth to twenty-fifth week of life and at 
this point to exhibit a sharp drop in rate. As 
a result the increase in length of the tibia in 
the ninety day old contrql graup was con- 
siderably less than in the thirty day old 
rats over a given period and the rate of 
growth in the 180 day animals so slow that 
roentgenographic measurements of length 
increment were made with difficulty. 

In appreciating histologic lesions the 
morphologic criteria for the normal rat 
epiphysis as described by Dodds and 
Cameron* have been adopted (Fig. 5). 
Earlier observations were confirmed and it 
was noted that the extent of cartilaginous 
alteration was roughly proportionate to the 
amount of irradiation administered. 

Evidences of injury became apparent 
within a week after irradiation. Theseare 
moderately severe after 665 r and very 
severe with higher doses, although the 
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degree mounts progressively with the in- Interference with growth is manifeste 
stunting and ultimate dissppearaWfe of 
primary calcified trabeculae and_the de- 
velopment of a subepiphyseal osseous plátewe 
(Fig. 7). The latter.presumably results from* 
the continued function of apparently un- 
affected osteoblasts in the absence«of the 
calcified cartilage framework ordiharily™™ 
available. 


tensity of treatment. Lesser changes are 
exemplified by swelling of the chondrocytes, 





Fic. 5. Lower femoral epiphyseal plate in a normal, 
untreated, thirty day old rat. Regular columns of 
active chondrocytes are arranged parallel with the 
long axis of the bone. Deposits of new bone may be 
seen along the lowermost portionseof.the carti- 
laginous trabeculae. X150. 





Fic. 6. Epiphyseal plate fourteen days after irradia- 
tion (1,165 r). Although the columnar structure 
persists, the columns are irregular and,component 
chondrocytes are swollen and in many instances 
pyknotic. Cartilage matrix is mottled in appear- 
ance. XI3O. 


irregularity of columns and variation in 
staining power of the matrix (Fig. 6). Rats 
receiving 835 to 1,165 r exhibit progressive 
disruption of chondrocytic columns, mot- 
tling of the matrix and vacant lacunae. 


» 


Pad 








Fic. 7. Epiphyseal plate 184 days after irradiation 


(1,165 r). Columnar arrangement is completely 
disrupted and cartilage cells are swollen and varied 
in size, A thin plate of bone has been deposited 
along the metaphyseal margin of the epiphysis and 
calcified cartilaginous trabeculae are no longer 
evident. X140. 


six days after irradiation (1,800 r). Chondrocytes 
are distrranged and obviously degenerated. The 
matrix is frayed and crumbly in appearance. 
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Fic. 8. Severely damaged epiphyseal plate seventy- § 


A dark staining layer of subepiphyseal bone may * 


be noted. X140. ® 
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ibmaximal to maximal lesions ‘are 
evident with dosages of 1,335 to 1,800 F and 
.Ue degyee of injury 1s considerably greater 
“in these groups than in the 665 to 1,165 r 
‘range. The epiphyseal cartilage plate is 
crum|Ned in appearance, markedly irregular 
in thigkness, and in a few instances, narrow, 
strands pierce the matrix joining the 
epiphyseal with the metaphyseal plates. 
These changes unquestionably prevent any 
significant contribution on the part of the 
cartilage to further bone growth (Fig. 8). 

From the histologic aspect the character 
of the leston produced is the same in all 
age groups. - 

Evidence of re-establishment of normal 
histologic structure in even the minimally 
deranged cartilage is not elicited. In a few 
instances as might be expected more com- 
monly among the youngest animals, rather 
scanty apparent reactivation of cartilage 
cells occurs. This phenomenon, rarely ap- 
pearing before the sixtieth post-treatment 
day, is manifested by the development of 
circumscribed clusters of viable chondro- 
cytes which are normal in appearance but 
not in distribution. These are aggregated 
into spherical masses surrounded by thin 
zones of deeply basophilic matrix. The 
masses never exceed the size of a single high 
power field and lack normal orientation to 
the long axis of the bone. For these reasons 
they would seem incapable of contributing 
to the longitudinal growth process and their 





rarity precludes the development of recog- 


nizable deformity. In rare instances such 
reactivation js associated with a certain 
degree of orientation. Short columns of 


* eartilage cells are observed growing parallel 
e with the long axis of the shaft. Between the 


columns is a variable amount of normal 
matfix. Growth in these foci evidently 
permits their separation from the degener- 
ated cartilage and sclerotic subchondral 
plate but the amount of displacement is 
never of significant extent. 

Except for the bony plate formed in the 
region ordinarily occupied by primary cal- 


“cified trabeculae no apparent variation 


e? from the au E occui$ in osseous tissue. 
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Cortical bone retains its usual thickness and 
compactriéss in the areas treated and since 
no deformity developed it is reasonable to 
assume that its durability is unaffected. 
Endosteum, periosteum and submetaphys- 
eal trabeculae retain their histological 
integrity. 

Articular Cartilage. By comparison with 
the epiphyseal plate, articular cartilage 
exhibits a considerable degree of immunity 
to roentgen irradiation. Despite the pres- 
ence of profound disarrangement in the 
cartilage of the epiphyseal plate, articular 
surfaces in the immediate vicinity and un- 





Fic. 9. Femoral! articular cartilage seventy-six days 
after irradiation (1,800 r). Despite severe de- 
generative changes caused by this dosage in car- 
tilage of the epiphyseal plate, the articular surface 
is smooth, the chondrocytes visible, and the matrix 
homogeneous i in structure. X140. 


questionably in the path of the roentegn 
beam are. perfectly smooth, obviously 
functionally unimpaired and *show minor 
intrinsic lesions which are readily patched 
in control joints (Fig. 9). The length of the 
experiments was sufficient to permit the 
development of degenerative Joint proc- 
esses secondary to the altered state of the 
epiphysis. However, in order to exclude 
with certainty the possibility of such 
sequelae further studies relating to the effect 
of greater weight bearing and activity in 
such treated joints are in progress.?, 
Roentgen Findings. Veleroentgenograms 
of both lower extremities before treatment 


IIO 


and at varying intervals thereafter show no 
appreciable change in the architecture of 
the treated bones following dosages up to 
1,165 r. Those tibiae and femora receiving 
treatment in excess of 1,165 r, however, 
frequently show a zone of increased density 
in the metaphyseal region with definite 
local irregularity of the trabecular structure 


(Fig. 10). 





Fic. 10. Roentgenogram of the irradiated and un- 
` irradiated legs of ghe rats sixteen weeks after a 
single dose of 1,200 r. Note the difference in length 
of the tibiae and the zones of increased calcium 
deposit about the epiphyseal lines of the irradiated 
knee. e s 


Fracture oecurred in only one instance. 
This was found to be in the mid-shaft in an 
area which was not exposed to irradiation 
and could be explained adequately by 
trauma sustained in the handling of the 
animal. It was believed that the irradiation 
had nothing to do with its occurrence. 


DISCUSSION 


This investigation was motivated initially 
by the possibility of a practical use for the 
known radiosensitivity of the epiphyseal 
plate. Shortening of as much as 4 inches 
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may occur in a leg paralyzed by antep 
poliomyelitis. If the treatment o9 the 
shortening i is delayed until full growth j 1S 
attained it is necessary to resort’ to leg we* 
lengthening or leg shortening operations. 
During the period of active growth itis 
possible to cause premature arr@st of 
epiphyseal growth by  epiphyseo 
(Phemister^). This procedure carries with 

it some risk of wound infection, induced 

deformity and other surgical complica- 

tions. ` 

The substitution of roentgen irradiation 
as a means of limitation of the growth of an 
unaffected limb might conceivably offer ad- 
vantages (Judy9). It would be necessary, 
however, to demonstrate that no perma- 
nent injury would be produced in juxta- 
epiphyseal structures; that dosages might 
be so minimized that bone deformity, mal- 
dévelopment or fragility would not result; 
and that a reasonably constant interference 
with normal growth from the epiphyseal 
plate could be established. 

Interest in this study has therefore been 
directed fuhdamentally at these features 
and accordingly it was shown that treat- 
ment with 1,165 to 1,335 r of roentgen rays 
at 200 kv. was sufficient to cause major inter- 
ference with epiphyseal activity in the 
albino rat. Doses between 665 and 1,165 r 
caused significant but less marked retarda- 
tion of longitudinal growth. 

Measurements of the treated and un- 
treated tibiae before and at various inter- 
vals after irradiation demonstrated a defi- 
nite retardation in growth of the treated 
bone as compared with the normal growth 
of the untreated tibia of the opposite leg.»* 
Since the activity of the upper tibial e 
epiphyseal plate paralleled that of the lower 
femoral region? and since this bone was More 
readily susceptible to accurate roentgenog- 
raphy than the femur, it was believed 
advisable to use it for measurement rather 
than the femur from which histologic 
studies were made. Even the lowest dosage 
used, namely 665 r, was effective in produc-  . 
ing definite growth retardation (Tables 1° 
and 11). The amour of ds a (caleu- F 
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. Ww : TABLE I 
; b. MMÉsUREMENTS OF TIBIAE FOLLOWING IRRADIATION OF THIRTY DAY OLD RATS : 
ss” F Untreated Treated , 
* 5 Duration | Tibiae, Length | Tibiae, Length Length Increment in cm. 
Osage | of Experi- in cm. in cm. Percentage 
in ments ih Retardation 
*  Roentgdas Ja. 
8 Weeks Untreated |Treated| Difference M 
Before | After | Before | After n b s 
865 IO 2.6 3.9 2:5 Ta 0.8 O77 O.I 12.5 
16 2.5 DOR 2.3 gn 1:9 I.0 0a e 16.6 
23 2.4 5:7 2.3 3.4 1.4 NES 0.3 21.5 
f 29 oe 470 2.5 3.9 1 I.4 2.3 17.6 
835 i 2.6 3.6 2.6 3.4 1.0 o.8 20:3 20.0 
13 2.9 2 2:9 3:7 1:5 I.0 0.2 16.6 
26 2.6 4.0 2.6 3.6 1.4 I.O 0.4 28.5 
32 2.5 9T 2.5 225 1.2 o.8 O.4 29:9 
36 PE 4.1 2.5 3.8 1.6 153 0.3 | 18.7 
“1000 8 255 Kee a3 2.9 0.9 0.6 OA... 33.3 7 
IO 2.5 3.8 2.5 3.2 1.3 0.7 OVE 38.4 
16 2.4 4.1 2.4 3.6 1.7 A oś 29.4 
05 2.4 4.0 2.4 3.6 1.6 p O.4 25.0 
29 2.6 4.2 2.6 3.6 - 1.6 1.0 0.6 SIE 
35 2.5 At 2.5 3.5 1.6 °| xu 0.6 37.5 
1165 I 2. 24 2.7 2.3 0.0 ©.0 0.0 0.0 
7 25 5:2 25 3.6 0.7 0.5 0.2 28.5 
13 2.6 | 3.9 | 2.6 | 3.2 1.3 0.6 0.7 53.8 
I5 2.4 3.6 2.4 3.1 1,9 6.4 Que 41.7 
I9 2.6 3.9 2.6 208 1.3 0.7 0.6 46.2: ; 
32 2.6 4.0 2.6 ag 1.4 0.7 0.7 50.0 
1335 3 2.4 2.8 2s 2.8 0.4 0.4 0.0 - | 0.0 
16 2.6 3:9 2.6 3.8 1.3 95. Oui 3.4 
19 219 4.0 29 4.5 o.8 0.3 0.5 62.5 
28 25 3.9 2.5 3.9 I.4 1.4 0.9 : o.o0* 
1500 3 2,5 2.6 2.5 2.6 o.l O.I 0.0 0.0 
7 EF 13.3 2:7 3.0 o.6 0.3 0.3 50.0 
13 2.7 4.0 2.7 3.0 I.3 e 0.3 1.0 76,9 
I9 2.6 4.0 2.6 oa 1.4 0.6 o.8 S5 ur 
25 2.5 4.0 2 3.I I.5 0.6 0.9 60.0 
*. 31 3.6 3.9 2E 3.0 I.4 O.5 0.9 64.3 
e 
* 1800 I 2.9 2.9 2.9 2.9 0.0 0.0 0.0 0.0 
7 2.4 3.4 2.4 2.9 i 0.5 0.5 50.0 
. 13 2.4 3.8 2d 3.0 I.4 0.6 0.8 57.1 
26 2.6 gys 2.6 2.8 0.9 0.2 0 907 
32 ae 4.2 dub ng 0:7 0.2 0.5 41.4 


* Only 2 animals in the entire series showed no evidence of growth retardation after a sufficient interval following irradiation. It is 
possible that these animals moved sufficiently during treatment so that the knee did not receive the expected dosage. They are ex- 
cluded from Table nt. E 


d * * . . 
lated in percentage of the normal growth as age used (Fig. 1). There was some indi- 
determined in the untreated extremity) vidual variation in this regard, however; a 

. sincreased roughjy in proportion to the dos- few animals showed a proportionately 
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Taste II | A : 
X 
MEASUREMENTS OF TIBIAE FOLLOWING IRRADIATION OF NINETY DAY OLD RATS ; i 
Untreated Treated br “ee 
Duration Tibiae Tibiae Length increment in cm. : 


Dosage Percentage 


of Experi- | Length in cm. | Length in cm. : 
in Pe’ B B ‘| Retd@rdation 
ee ama aca mem oer eos /a e 
SEIBE Weeks Untreated |Treated| Difference 


Before | After | Before | After 


a b C 








665 5 


358 3.9 253 KEY; 0.4 O.4 0.0 0.0 
e JI S 4.0 3.3 3.8 Oe 0.5 0:2 28.5 
17 3.1 4.0 SI 3.8 O.9 0.7 Q2 2259 
30 3-1 4.1 "E 3-9 I.0 o.8 0.2 20.0 ‘ 
36 3 4.1 at 3.8 1.0 0.7 03 30.0 
€ ` 
835 2 231 ane 5T 3.5 Ou 0.4 0.0 0.0 
8 3.5 3.8 an 3.6 0.6 0.4 0.2 33.3 
14 2.5 4.0 275 3.9 0:9 0.6 O.I 14.3 
20 3.2 3-9 4:2 3.7 9.7 0.5 0.2 28.5 
1CC0O E. $i. D 3.6 (M do 0.5 0.3 0.2 40.0 
II St 245 3.2 | fract. o.6 
17 3:2 3.9 2:9 05.5 0.7 0.5 0.2 28.5 
23 352 3.8 3.2 3.6 0.6 o 0.2 335 
36 2 4.2 3.1 4.0 I.I O.9 o.2 18.2 
116s 1 3.6 3.7 3.6 3:7 O.I O.I 0.0 0.0 
8 ae 3:0 3.4 256 O.§ 0.4 O.I 20.0 
14 3. 3.9 soy 3.5 O.5. OT 0.4 80.0 
20 3.6 | 4.0 3.6 3.8 0.4 0.2 6.2 50.0 
26 3-4 4.1 3:4 3.8 0. 0.4 Ou 42.9 
33 3.2 4.0 3.2 3.6 0.8 0.4 0.4 50.0 
1335 b 3.1 3.6 3.1 A O.$ 0.3 0.2 40.0 
II n 25d 3.1 3.4 0.6 0.3 0.3 $0.0 
17 3d. 4.1 3.4 3.8 o7 O.4 0.3 42.9 
36 2.9 2:0 LUE E T OT 0.3 0.4 gee 
* . 
I 500 2 3.I 3.5 3.I 3-4 Ora 0.3 Q.I 29.0 
8 EN | 3.8 ET 3.4 5:9 0.3 0.4 $7.1 
14 1:2 3.9 210 0.6 Quy 0.3 Q.4 $7.1 
š 20 FSR 420 23 3.6 Ol: 0.5 0.4 $7.1 
26 3:3 32 325 3s O.4 O.4 0.0 o.o* 
* 32 a: 4.3 23.7 3.8 0.6 O.I Ons 83.3 : 
e 
18009 2 3.0 3 3.0 m 0.3 rope 9 66.6 ‘ 
8 453 3.8 4.3 3.6 0.5 0.3 0.2 40.0 
14 mus 4.2 342 3:6 I.O 0.4 0.6 60.0 
2I 99 4.1 n5 3.9 O.9 0.7 0.2 22% 
27 9.0 4.0 sa 3.4 0.8 0.2 0.6 75.0 
d 3.3 4.2 3.3 3-7 0.9 0.4: 0.5 55-5 





* Only 2 animals in the entire series showed no evidence of growth retardation after a sufficient interval following irradiation. It is 
possible that these animals moved sufficiently during treatment so that the knee did not receive the expected dosage. They are ex- } 


cluded from Table frr. š 
e e 


greater amount of retardation than others sacrificed eight or more weeks after irradia- 
given similar dosage. The average percent- tion is given in Table mz. This interval 
age growth retardation in 56 animals (eight weeks) was *chosen oe major *. 
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P 
‘ Taste III 
Ni 
] AVERAGE PERCENTAGE RETARDATION OF TIBIAL 
^ | GROWTH IN FIFTY-SIX ANIMALS SACRIFICED 
* Ø IGP OR MORE WEEKS AFTER IRRADIATION 








30 day old | 9o day old Dii a 
Percent- Percent- Percent- 
gens |No.|age Re- | No.| age Re- | No. | age Re- 
tardation tardation tardation 
665 | 4 17.0: lå 25.2 |8 21.1 
935 |4 | 24.3 | 3 25.4 | 7 24.7 
1000 | 6 33.9 |3 26.7 |9 31.2 
1165 |4 | 47-9 | 5 | 48.6 | 9 | 48.3 
1335 | 2 35.1 | 3 50.0 | § 44.0 
Igoo | 4 64.6 | 4 63.6 | 8 64.1 
1800 | 3 68.7 | 5 50.5 | 8 57.4 


portion of retarding effects of roentgen 
irradiation on growth was attained in all 
instances before this time. It will be noted 
from Tables 1 and m that the maximal 
percentage of retardation was about 60 to 
80 per cent. The remaining 20 to 40 per cent 
of growth increment which occurred in all 
the treated extremities was undoubtedly 
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FIG. 12 


due in large part to growth from the distal 
tibial epiphyseal plate which received no 
irradiation. 

The ultimate disparity in lengths of the 
treated and untreated tibiae, as one might 
expect, was most marked in those treated 
at thirty days of age. In the 180 day old 
animals growth was so slow that, although 
retardation was observed, its accurate 
measurement was not possible. 

An unexpected finding was the similarity 
in the percentage retardgtione with equal 
doses in the two age groups measured. The 
younger, more actively growing epiphyseal 
plate in the £hirty day old animal would be 
expected to suffer greater damage than 
the more mature and less rapidly growing 
epiphyseal plate of the ninety day old 
animal when exposed to the same amount 
of irradiation. This expectation, however, 
was not borne out by the results of this 
study. Although the ultimate difference in 
length of the treated and untreated ex- 
tremities was greater in the thirty day old 
animals, when the retardation was plotted 
in percentage of normal growth the amount 
of retardation was found to be the same for 
both age groups (Fig. 1 and Table 111). The 
amount of damage sustained by the growing 


co 
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epiphyseal plate by irradiation was depend- 
ent on'the dosage but not on the age of the 
animal. The fact 1s of considerable impor- 


‘tance to radiologists in the treatment of. 


various lesions in children when -the field 
of irradiation includes a growing epiphyseal 
plate. 

Sections of skin from both directly 
(medial) and indirectly (lateral) treated 
portions of the same extremity revealed no 
évidence of Significant injury with the doses 
used. The epidermis remained intact, there 
was no permanent atrophy of skin append- 
ages or sustentatiye elements, and late 
sequelae were not encountered. Hema- 
topoietic activity within bone marrow in 
the field of treatment was not seriously 
impaired. Interference with the blood form- 
ing function in a small area of a long bone in 
a human subject would have no appreciable 
influence upon the physiologic capacity of 
the individual. Marrow and cortical vascu- 
lar channels exhibited little or ifo variation 
from the normal. The effects produced in 
this series upon all of these structures may 
therefore be safely considered to have no 
major clinical significance. 

The synovia of the knee joint and the 
joint relations in general were undisturbed. 
Although with the higher doses articular 
cartilage exhibited very minor focal areas 
of degeneration, these were likewise ob- 
served in many untreated limbs. They were, 
therefore, probably of slight significance. 
Certainly the frequency with which they 
appeared in those rats receiving 1,165 r or 
less wás not greater than that observed 
normally. . 

It is of primary importance to determine 
conclusi¥ely whether or not delayed de- 
generative changes might be precipitated 
by either the direct effect of the irradiation 
upon joint structures or as the result of 
secondary change related to altered bone 
growth. These detrimental features have 
not appeared within a period of nine 
months after irradiation, an interval which 
may be considered to represent approxi- 
mately one-fourth of the rat’s normal life 
span. In order to insure against their pro- 


duction in human subjects similasly 
treated, however, addition experiments y 
are'at present in progress. In these, larger” 
animals (dogs) are being employedand T~ » 
is planned to observe them for a consider-* 
able period after epiphyseal fusiog’ has 
become completed. It is necessary t@ state 
here that the first dog sacrificed re 

has shown histologic evidence of injury to 
the cells of the articular cartilage although 
no grossly detectable damage appeared. It 
Is our intention to refrain from applying ` 
our results clinically until these possibilities 
have been safely excluded. 


SUMMARY AND CONCLUSIONS 


A group of thirty, ninety and 180 day 
old albino rats were subjected to roentgen 
irradiation of one knee joint and the result- 
ant changes studied histologically and 
roentgenographically. The epiphyseal plate 
is a very radiosensitive tissue. Doses of 
665 to 1,165 r produced moderately severe 
histological changes while doses of 1,335 to 
1,800 r caused very severe injury as evi- 
denced by disruption of the cartilage cell 
columns and destruction of chondrocytes. 
There was no evidence indicating stimula- 
tion and only inconsequential evidence of 
regeneration of epiphyseal cartilage. Other 
tissues in the treated area—skin, subcu- 
taneous tissue, muscle, synovia and articu- 
lar cartilage—showed insignificant changes 
ofa transitory nature (Fig. 2). The hemato- 
poietic elements of the bone marrow in the 
treatment field were diminished but this 
local effect seemed to be of little signifi- 
cance to the organism as a whole. No de- 
generative or traumatic changes were,” 
noted in the treated Joints even after nine , 
months' observation. 

Careful measurement of longitudinal 
growth of the tibia after irradiation showed 
that the doses used (665 to 1,800 r) all 
produced retardation of growth and that 
the retardation varied roughly propor- | 
tionately sto the irradiation administered. ` 
The larger doses 1,335 to 1,800 r seemed to 
produce essentially complete arrest of 


growth of the treated epiphysis. "^ 
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Chairman, Cleveland, Ohio, Frederick W. O’Brien, 
Boston, Mass., Hayes E. Martin, New York, N. Y. 

Program Committee: Charles L. Martin, Chairman, 
Dallas, Texas, William S. MacComb, New York, 
N. Y., Eugene T. Leddy, Rochester, Minn., Her- 
bert E. Schmitz, Chicago, Ill, John S. Bouslog, 
Denver, Colo. 

Publication Committee: E. H. Skinner, Chairman, 
Kansas City, Mo., Zoe A. Johnston, Pittsburgh, Pa., 
Wilbur Bailey, Los Angeles, Calif. 

Research and Standardization Committee: Edith H. 
Quimby, Chairman, New York, N. Y., J. L. Weath- 
erwax, Philadelphia, Pa., W. S. MacComb, New 
York, N. Y. 

Education and Publicity Committee: 
Pohle, Chairman, Madison, Wis., 
gent, Oakland, Calif., Robert B. Taft, Charleston, 
S. C. e 

Janeway Lecture Committee: Douglas Quick, Chair- 
man, New York, N. Y., E. H. Skinner, Kansas City, 
Mo., G. Failla, New York, N. Y., L. A. Pomeroy, 
Cleveland, Ohio, F. W. O’Brien, Boston, Mass., 
H. E. Martin, New York, N. Y. 

Represgistatives on American Board of Radiology: 
Douglas Quick, New York, N. Y., B. P. Widmann, 
Philadelphia, Pa., F. W. O'Brien, Boston, Mass. 

Twenty-cighth Annual Melt 1943, 
announced. Y 
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. THY OBTURATOR SIGN IN THE EARLY ROENTGEN 
- AGNOSIS OF SEPTIC ARTHRITIS OF THE HIP 


HE importance of the psoas muscle 
shadow as a diagnostic aid in roent- 
» genographic examinations in a suspected 
* psoas abscess, a perinephric abscess, or ret- 
roperitoneal tumor is well known to all 
roentgenologists. However, the importance 
of soft tissue shadows in the pelvic area as 
seen in the anteroposterior projection in 
roentgenograms had been overlooked as an 
aid in the differential diagnosis until Hefke 
and Turner,' in a recent article, pointed out 
the importance of the soft tissue shadow 
just medial to the acetabulum on the inner 
aspect of the pelvis as an aid 1n the roentgen 
diagnosis of septic arthritis and in tuber- 
culosis of the hip. 

The border of this soft tissue shadow, as 
described by Hefke and Turner, ordinarily 
starts from a point lateral to and below the 
lower pole of the sacroiliac joint, follows 
the line of the pelvic inlet downward over 
the acetabulum, and disappears behind the 
upper ramus of the pubis. This shadow in 
normal children measures from 2 to 8 milli- 
meters at its widest point, and usually the 
shadow on one side corresponds in width to 
the shadow on the other. There may, how- 
ever, be a minimal difference in the width 
of these shadows in normal individuals. 

e, In order to determine the exact structure 
evhich caused this shadow, Hefke and Tur- 
ner made dissections on postmortem speci- 
menseand by the use of curved wires paced 
along the inner border of the psoas, and an 
anteroposterior roentgenogram, they were 
able to demonstrate that the psoas muscle 
(cid not correspond to the shadow de- 

scribed. Therefore the psoas was zemoved 


1 Hefke, H. W., and Turner, V. C. The obturator sign as the 
earliest roentgenographic sign in the diagnosis of septic arthritis 
and tuberculosis of sf» F. Bone B Foint Surg., 1942, 24, 
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and another roentgenogram was obtained, 
and by a process of elimination they finally 
determined that the obturator internus 
muscle is definitely proved to be the sub- 
stratum of the shadow. , 

These authors point out that it is well 
known that the tendon of the obturator 
passes immediately adjacent to the capsule 
of the hip and extension of the inflamma- 
tory process may well lead to a roentgeno- 
graphically visible swelling of the obturator 
muscle. 

The obturator sign, as described by 
Hefke and Turner, consists in a widening 
and a change in the contour of the normal 
obturator shadow. This widening may be 
very slight to very marked, and four grada- 
tions, from 1 to 4, were arbitrarily chosen 
as a basis for classification of their cases. 
Grade 2 was considered to include those 
cases in which the shadow was approxi- 
mately twice the normal width; Grade 4, 
more than four times the normal, and 
Grades 1 and 3 were placed correspond- 
ingly. In the interpretation of Changes in 
the obturator muscle the shadows of the 
uninvolved hip area were taken as normal. 

In a small'number of cases it was noted 
that the obturator shadow was obscured, 
and after an analysis of their cases they came 
to the conclusion that the obscured*obtur- 
ator shadow 1s a positive finding indicative 
of a pathological condition of the hip joint. 

The technique for routine anteropos- 
terlor roentgenograms of the pelvis was 
followed in their studies. No special advan- 
tage had been shown by using soft tissue 
technique. They point out the fact, how- 
ever, which is only too obvious, that the 
pelvis must be level or one obturator may 
be thrown into higher relief than the other 
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one, which could bring about some confu- 
sion in the interpretation of the soft tissue 
shadow. In a number of their cases they 
found it of advantage to obtain an antero- 
posterior view of the pelvis with the hips in 
marked abduction, flexion to 9o degrees, 
and marked external rotation—the so- 
called “frog position" frequently used in 
obtaining lateral views of the hips. This 
position brings into greater relief the ob- 
turator shadow but in an acute septic con- 
dition involving the hip such a position 
‘may be out of the question because of the 
intense pain frem which the patient 
suffers. 

The importance of a correct diagnosis in 
septic arthritis of the hip warrants the use 
of any method or methods of examination 
which will help one to arrive at an early 
diagnosis before the devastating effects of 
the infection are manifest. In their study 
of the obturator sign 23 cases of septic 

"m . e 2 s 
arthritis of the hip served as the clinical 
basis. They found that the obturator sign 
is of greatest value during the early weeks 
of hip disease. At the end of the first two 
weeks it was possible to make a roentgen 
diagnosis of hip disease in 94 per cent of 
the cases, whereas using bone and joint 
changes alone, the diagnosis could have 
been made in only 25 per cent. The obtura- 
tor sign was first found positive on the 
third day, joing changes on the fifth and 
bone changes on the eighth. Therefore the 
obturator sign in the experience of these 
authors is the earliest roentgenographic 
sign observed in septic arthritis of the hip. 

The obttütrator sign is of less importance 
in the diagnosis of tuberculosis of the hip as 
the onset of this condition 1s so much less 
sudden and dramatic than septic arthritis, 
and unfortunately the first roentgeno- 
graphic examination made in suspected 
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cases of tuberculosis of A uip are i gin 
for weeks and at times evén montfs afte 
the onset of the initial symptoms. 

In an analysis of their group o? cases oY * 
tuberculosis of the hip they found thatiife ~ 
obturator shadow was most frequ 
scured, rather than showing a distitk 
Ing with sharply demarcated borde 
usually observed in cases of septic arthritis 
of the hip, and it was obvious from their 
studies that the obturator sign is of no 
great value in making a diagnosis of early * 
tuberculosis of the hip inasmuch as both 
the bone and Joint changes usually appear 
earlier and with greater frequency. 

In Perthes’ disease, in both the early and 
late stages, they observed no change in the 
obturator shadow and in slipping of the 
capital femoral epiphysis there was ob- 
served no change in the obturator shadow, 
and likewise in fractures of the pelvis, 
ischium, ilium, and femur close to the hip 
joint no pathologic change was observed in 
the obturator outline. In osteomyelitis of 
the pelvis not involving the neighboring hip | 
joint no dbturator involvement was noted. 
Also in soft tissue infection about the thigh 
with marked inguinal lymphadenopathy 
they observed no abnormality in the ob- 
turator shadow. 

It is evident from the studies which 
Hefke and Turner have carried out that the 
obturator shadow becomes of the greatest 
value in the early roentgenographic diag- 
nosis of septic hip disease and itis of utmost 
importance that this diagnostic sign be not 
overlooked.as it appears to be one of the 
earliest roentgenographic signs 1n the diag- 
nosis of septic arthritis of the hip. It f 
hoped that other observers will pay par.» 
ticular attention to the obturator sign as an 
additional aid in the roentgenogr:phic 
diagnosis of septic arthritis of the hip. 
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“Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


. UNITED STATES OF AMERICA 


AMERIGZAN ROENTGEN Ray SOCIETY 
ecretary, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annual Meeting: 1943, to be announced. 
AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
Ill. Annual meeting: 1943, to be announced. 


9 SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 


Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: 1943, cancelled. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 

‘ Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1943, to be announced. 

RADIOLOGICAL SECTION, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. J.D. Coate, 434 Thirtieth St., Oakland, Calif. 

RADIOLOGICAL SECTION, Connecticut MEDICAL SOCIETY 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

SECTION ON RADIOLOGY, [LLINOIS STATE MEDICAL SOCIETY 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Il. 

RADIOLOGICAL SECTION, Los ANGELES County MEDICAL 
ASSOCIATION 
Secretary, Dr. Donald R. Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BROOKLYN RoENTGEN Ray SOCIETY 


Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, © 


N. Y. Meets monthly on fourth Tuesday, October to April. 

Burraro RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

CHICAGO ROENTGEN SOCIETY 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 
Chicago, Ill. Meets second Thursday of each month 

Ww October to April inclusive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 

9 Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. J. O. Newton, 13921 Terrace Rd., East 
Cleveland. Meets at 6:30 p.m. at Midday Club on fourth 
Monday each month, October to April, inclusive. 

Denver RADIOLOGICAL CLUB 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athietic Club. >. 

Detroir RoENTGEN Ray AnD RADIUM SOCIETY 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first® ursday from October to May, at 


v 


.* Wayne County Bu@ding. e 


FLORIDA RADIOLOGICAL SOCIETY 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 
GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. R. C. Pendergrass, Prather Clinic Bldg., 
Americus, Ga. Meets in November and at annual meet- 
ing of Medical Association of Georgia in the spring. 
RapioLocicaL SocigTY or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month at a 
place designated by the president. 
ILLINoIs RADIOLOGICAL SOCIETY® 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
INDIANA RoENTGEN SOCIETY : 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In. 
dianapolis. Meeting held the second Sunday in May 
annually. 
Kentucky RADIOLOGICAL SOCIETY 
Secrelary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in 
April. 
pee IsLanD RADIOLOGICAL SOCIETY 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 
Louisiana RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 
MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE Roentcen Ray SocieTY 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. l 
MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bidg., St. Paul. 
NEBRASKA RADIOLOGICAL SOCIETY 9 d 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 
New ENGLAND p Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 
Mass. Meets monthly on third Friday, Boston Medical 
Library. z 
RADIOLOGICAL Society or New JERSEY 
Secretary, Dr. H. J. Perlberg, 921 Bergen Ave., Jarsey City. 
Meets annually at time and place of State Medical So- 
‘ciety. Mid-year meetings at place chosen by president. 
New York RoENTGEN Society 
Secretary, Dr. M. M. Pomeranz, 1020 Park Ave., New 
York City. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 p.m. 
Norru CanoLiNA Roenrcen Ray SOCIETY 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 
Nortx DaxoraA RADIOLOGICAL Society ® 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. : 
Centra New York RoEeNTGEN Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 


* Segretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Ouro RADIOLOGICAL SOCIETY "S 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric ROENTGEN SOCIETY i 
Secretary, Dr. L, H. Garland, 450 Sutter St., San Fran- 

_ cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. R. P. Barden, University Hospital. Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 P.M., in Thompson Hall, College 
of Physiciang, 19 S. 22d St. 

PITTSBURGH ROENTGEN SOCIETY i 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.M., October 
to June, Pittsburgh Academy of Medicine. 

RocuEesrER RoentGcen Ray Socrery, Rocuesrer, N..Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 


Idaho. 

ST. Louis Society or RADIOLOGISTS 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Francisco RADIOLOGICAL SOCIETY ! 
Secretary, Dr. H. A. Hill, 450 Sutter St$, San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SourH CAROLINA X-Ray SOCIETY l 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

TExAs RADIOLOGICAL Society 
Secretary, Dr. L. W. Baird, Scott and White Clinic. 
Temple, Texas. 

Universiry og MicgicaN DEPARTMENT or ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

UNIVERSITY oF Wisconsin RADIOLOGICAL CONFERENCE 
Secresary, Dr. E. A. Pohle, 1300 Univérsity Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

VIRGINIA RADIOLOGICAL SOCIETY 
Secretagy, Dr. C. H. Peterson, 603 Medical Arts Bldg., 
Roanoke, Va. Meets annually in October. 

WasuiNGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J, Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, Seattle. 

X-ray Srupy Cius or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
pene Meets monthly in evening on third Thurs- 

ay. 


Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 


^ 


Society Proceedings, Correspondence and News Itenr§J 


d 
January foss. 


: CUBA 


SOCIEDAD DE RADIOLOGÍA v FISIOTENĘPIA DE CuB 
President, Dr. J. Manuel Viamonte, Hospital Mese 
Habana, Cuba. Meets monthly in Habana. 


British EMPIRE 


British Instrrure or RADIOLOGY INCORPORATED WIT 
THE RÖNTGEN SOCIETY 
Meets monthly on third Thursday from No 
June inclusive, at 8:15 p.M., 32 Welbeck St., 

SECTION OF RADIOLOGY or THE Roya Society or MEDI- 
CINE (Conrinep To MgptcAL MEMBERS) enn: 
Meets on the third Friday of each month during the 
winter at 8:15 P.M. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 

FAcurTY or RADIOLOGISTS : 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 

SEcTION or RaproLocy AND MEDICAL ELECTRICITY, AUS- 
TRALASIAN MEDICAL CONGRESS | 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. j 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
BririsH MEDICAL ASSOCIATION : 
Secretary, Dr. Keith. Hallam, St. George's Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton 
Alberta. 

SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 






. RaproLOoGicAL Section, New ZEALAND BririsH MEDICAL 


ASSOCIATION . 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


CONTINENTAL EUROPE 


SOCIEDAD ESPANOLA DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain, Meets monthly in Madrid. 

SoclETE Suisse DE RADIOLOGIE (SCHWEIZERISCHE RÖNT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secreatry for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SOCIETATEA ROMANA DE RADIOLOGIE SI ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Mărăcine, 30, 

I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

ÅLL-RUSSIAN ROENTGEN Ray Association, LENINGRAD, 
USSR in the State Institute of Roentgenology and 
Radiology; 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD RogNTGEN Ray SOCIETY 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Institut 
of Roentgenology and Radiology, Leningrad. 

Moscow Roenrcen Ray SOCIETY . 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 P.M. 

SCANDINAVIAN ROENTGEN SOCIETIES d 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for* Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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BISLLETIN @F THE AMERICAN 
COLLEGE OF RADIOLOGY 


he ^ AN OPEN. LETTER TO RADIOLOGISTS 


Wong 


he cornerstone of modern medical care 
is corP9ct diagnosis, and the keystone of 
* correct ‘diagnosis IS competent radiology. 
Competent radiology requires that there be 
adequate numbers of trained radiologists 
available both for patients outside hospitals 
and patients:inside hospitals. As far as 


eoutside patients are concerned, there are 


¢ fortunately hundreds of well trained con- 
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scientious radiologists in private practice 
who are doing good work and, as far as can 
now be told, will continue to do good inde- 
pendent American medical work in the 
future. — 

When we turn to the hospital situation 
the picture is somewhat different. There are 
hundreds of competent radiologists in 
American hospitals today, but many of 
them are of conducting their own prac- 
tices. They have not the right to decide 
who shall be appointed as technicians and 
nurses in their departments, they cannot 
always decide the kind of equipment with 
which they must operate, and they often 
cannot decide the extent of the services 
which they believe they should render to 
patients, or the fees they should charge for 
those services. In other words, the depart- 
ments of radiology are no longer under the 
direction of the radiologist in many hospi- 
tals—they are under the direction of the 
hospital superintendent. 

If this were just a matter of fees or fi- 
nancial reward it might, with the altruistic 


. &aditions of the medical profession, well be 
. overlooked. However, 


it obviously goes 
beyond that. He who pays the piper calls 
the tane. Precedents created today, es- 
pecially in connection with group hospital- 
ization insurance, may be frozen into our 
medical picture tomorrow. 


í What then should we do? The first and 
fo 


remost obligation on every hospi£al radi- 
ologist is to do good medical work and to 
see that in everyamanner possible he keeps 
ed as agnedical specialty, 
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as a branch of medicine and not as a branch 
of hospital work. He should pay as much 
attention to the organization side of his 
department as he does to the scientific side. 
If he is indifferent, or too busy, or too lazy 
to attend to the organization side he will 
find that in the eyes of the average layman, 
the average hospital superintendent, yes 
and even in the eyes of doctors, he is not 
in charge of his own department. More and 
more laymen and physicians are toming to 
regard radiology as a part of hospital serv- 
ice and not medical care. This is largely 
our own fault. (We are referring not to one 
or two large research or diagnostic clinics, 
but the average private hospital through- 
out the land.) 

Again we ask, what should be done about 
it? We would suggest that for the sake of 
the scientific future of radiology in hospi- 
tals, as well as for the sake of the rights 
of the rest of our profession we should not 
consent to the inclusion of our services in 
any formally organized hospital insurance 
scheme. This will require courageous action 
and constant vigilance. The radiologist can- 
not always control details of practice as far 
as ordinary hospital in-patients are con- 
cerned. However, when a Blue Cross plan 
or a health insurance scheme gets started, 
the radiologist should go to his local county 
medical society and ask it not to approve 
any scheme that attempts to provide medi- 
cal services (whether they be surgery or 
roentgen ray) as a part. of hospitalization 
benefits. And, if they are already included, 
seek their exclusion or segregation. "The 
crux of the Blue Cross plan problem is that 
many Blue Cross plans provide not group 
hospitalization, but hospitalizatiof plus 
diagnostic-medical-care and in so providing 
will inevitably and ultimately control 
hospital radiology. 

Think of it: ten million Americans are 
now covered by Blue Cross plans. In an- 
other decade twenty-five million Americans 
will be so covered. Instead of Itaving diag- 
nostic radiology benefits as an in-patient, 


they will be extended to out-patients also. 
Why? To avoid abuse of hospital beds. 
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Today, many subscribers are being hospi- 
talizéd only because they are entitled to 
free roentgen-ray services. By offering out- 
patient roentgen-ray services, the hospital 
will be able to reduce bed occupancy. 

To further reduce hospital costs, more 
and more radiologists will be hired and 
fired on the basis of the cheapest salary 
they will accept and not on their profes- 
sional qualifications. The caliber. of diag- 
nostic medicine will suffer as the caliber of 
radiology declines. 

Therefore, for purely scientific considera- 
tions alone, for the welfare of the specialty 
you have chosen, please awake to the vital 
necessity of having your service identified 
as a medical service, especially in Blue 
Cross plans. The present economic arrange- 
ments in medical practice have never come 
up for formal approval by a county or state 
medical society. But Blue Cross plans have. 
Observe that the American Medical Asso- 
ciation has never approved a? single Blue 
Cross plan. Why? Because the American 
Medical Association knows that if the Blue 
Cross plans can sell radiology today, and 
secure approval, they can sell surgery and 
ordinary medical care tomorrow, and de- 
mand approval. In no time they could con- 
trol the entire practice of medicine. A 
group of laymen or corporations (always 
"not-for-profit") could dictate how and 
where medical, practice should be con- 
ducted in this country. 

Let us give group hospitalization our 
ardent support—when it is group hospital- 
izatién. There are today many communi- 
ties, notably Kansas, Missouri, Washing- 
ton, D. C., Michigan, Florida and Cali- 
fornia,*where radiology is either not sold 
at all in connection with group hospitaliza- 
tion, or if sold is provided as a medical 
benefit along with, but not as a part of, 
hospital service. Checks for medical serv- 
ices are payable to medical men. There- 
fore, the group hospitalization corporation 
makes checks for radiology in hospitals 
payable to medical men. If he ison a salary 
or percentage basis he merely endorses the 
check and turns it over to the hospital 


“~ 


Society Proceedings, Correspondence and News Item} 


0, 


January, 1943 


treasury. If he is on a leage or rental “wasis 
he deposits the check to his accéunt as 
would any other professional man. T 
importance of the distinction is exquisite. 
You are urged to ponder this proble 

to take action now. You will be appflled to 
hear that some radiologists in one of our 
midwestern states have actually requested 
the local group hospitalization concern to 
make the checks payable to the hospital 
and not themselves. What incredible my- 


e 


opia! ` 


Radiologists please awake. Our number 
one problem is to win the war. Our number 
two problem is to prevent the destruction of 
scientific practice and of diagnostic medical 
care for generations to come. No layman, no 
Blue Cross director can be expected to un- 
derstand that radiology is the practice of 
medicine, and that you as radiologists have 
any professional rights whatsoever! You 
have to tell them these things and tell them 
repeatedly. Just as all freedom loving 
people have to fight for their freedom at 
regular intervals, almost every generation, 
so we, ax members of the youngest and 
most rapidly developing specialty in medi- 
cine, have to fight for our own rights, and 
can proudly do so knowing that we are 
fighting for the rest of medicine at the 
same time. 

Remember, ignoring entirely your own 
personal tastes in the matter and your own 
disregard for income, you should still 
awaken to the fact that the scientific side 
of your practice requires that it remain 
identified as a medical practice and not 
become a hospital one. To so identify it, 


you should collect your own fees and ree 


quest all insurance companies, Blue Crosse - 


plans, hospitalization companies, and so 
forth, to make checks for medical sesvices 
payable to medical men, that is, checks for 
radiological services payable to radiolo- 
gists. And by payment is meant the entire 


sum and not any artificial division of medi- i 


cine ogeurgery into technical and profes- 
sional. The surgeon performs many techni- 
cal procedures in his workgnd yet it would 


be absurd and destructive f his practice if» , 
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it were attempt§d to divide it into technical 
The same applies to 


SS professional. 
i adiology. In the words of the American 


College of Surgeons, each doctor concerned 
the care of a patient should give or send 

direcMy to the patient a detailed statement 
showing the charges for services rendered. 
Your colleagues in private practice do so 
today. Will you in your hospital practice 
not seek to do likewise? 

L. Henry Garland, M.D., Chairman 

Commission on Hospital Standards, 

American College of Radiology 


STRAY RADIATION IN FLUOR- 
OSCOPIC ROOM 


As an advisory member for the Com- 
mittee on Safety and Standards, I wish to 
make the following supplementary report: 

Recent studies of fluoroscopic roentgen- 
ray units have demonstrated the advis- 
ability of calling attention to stray radia- 
tion received per week by each occupant of 
the fluoroscopic room. 

-It has been found that wie the shutters 
are opened to the limit, in order to cover 
the fluoroscopic screen near the table top, 
they will allow radiation to pass beyond the 
screen when moved away from the table 
top unless there is an automatic arrange- 
ment attached to the movement of the 
screen to control the opening of the shut- 
ters. If the roentgenologist is careful to 
keep the shutters closed so that the field 
of radiation ts still visible, at all times, there 
will be no radiation passing beyond the 
screen. Roentgenologists often have a habit 
of opening the shutters wide when taking 


«the first look, regardless of the position of 


the screen. 

Considerable stray radiation may be 
scattered from the diaphragm opening and 
the patient. If the diaphragm opening is 
not well protected with lead to the table 
top, radiation will be scattered to those 
standing near the table. Lead aprons will 
absorb this radiation. Tests mayede made 


by all the occupants of the fluoroscopic 


room by weagigg dental films for a week. If 


the dental ake are sufficiently blackened 
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so that it is impossible to read ordinary 
print through the film, they have probably 
received more than 0.4 to 0.5 r. 

J. L. Weatherwax, Physicist 


AMERICAN COLLEGE OF 
PHYSICIANS 


The Board of Regents of the American 
College of Physicians has announced the 
cancellation of their 1943 Annyal Session, 
which was scheduled to be held in Phila- 
delphia, April 13-16, 1943. This action was 
taken after thoughtful consideration of all 
factors involved, inclutling an intimation 
from the Secretary of War and the Office of 
Transportation that larger national medi- 
cal groups should not plan meetings at the 
time set; a growing difficulty in getting 
speakers and clinicians of top rank to main- 
tain the usual standards of the program; 
prospect of greatly reduced attendance, 
because ciyilian doctors are faced with too 
great a burden of teaching and practice 
already; a decreasing active membership, - 
due to approximately 25 per cent of all 
doctors being called to active military ser- 
vice. President James E. Paullin an- 
nounced, however, that all other activities 
of the College would be pursued with even 
greater zeal, and that the College would 
especially promote regional meetings over 
the country and organize postgraduate 
seminars in the various military hospitals 
for doctors in the Armed Forces. 


UROLOGY AWARD 


The American Urological. Association 
offers an annual award “‘not to exceed 
$500" for an essay (or essays) on the result 
of some specific clinical or laboratory re- 
search in Urology. The amount of the prize 
is based on the merits of the work pre- 
sented, and if the Committee on Scientific 
Research deem none of the offerings 
worthy, no award will be made. Competi- 
tors shall be limited to residefits in urology 
in recognized hospitals and: to urologists 
who have been in such specific practice for 
not more than five years. 
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Essays must be in the hands of the 
Secretary, Dr. Thomas D. Moore, 899 
Madison Avenue, Memphis, Tennessee, on 
or before March 1, 1943. 

Miley B. Wesson 
Chairman, Committee on Scientific 
Research 


AMERICAN BOARD OF 
RADIOLOGY 


The Board of Trustees of the American 
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examinations during the emergency, and 
will therefore conduct an examination dur- : 
ing'Ápril, May or June of 1943. An attempt 

will be made to hold the examination ata # 
place most convenient to the majong e : 
the candidates. 

Those wishing to be examined at the œ 
spring examination must.have their appli- 
cation on file by March 1, 1943. Address all 
communications to Dr. B. R. Kirklin, 
Secretary, American Board of Radiology, 


Board of Radiology has decided to continue Mayo Clinic, Rochester, Minnesota. 
- 
C ERG 
e 
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M BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


An X-Ray Arras or Silicosis. By Arthur J. 
Amor, M.D., (Lond.), M. Sc. (Wales), Hon- 
orary Physician, Clydach Memorial Hospi- 
tal; Medical Officer, Mond Nickel Company, 
Ltd., Swansea. With translation of the 
Legends into French by Robert E. Horne, 
M. A. (Wales), Medical Secretary, Mond 
Nickel Company, Ltd., Swansea. With a 
foreword by Sir Wilson Jameson, M.A., M.D. 
(Aberdeen), F.R.C.P., of the Middle Tem- 
ple, Barrister-at-Law; Dean of the London 
School of Hygiene and Tropical Medicine. 
Cloth. Price, $8.00. Pp. 206, with 72 illus- 
trations. Baltimore: Williams & Wilkins Com- 
pany, 1941. 

This Atlas of Silicosis was written to describe 
the essential roentgenologic features of silicosis 
for senior medical students, industrial physi- 
cians, and those dealing with this type of dis- 
ease. 7 

The author has described briefly the etiology, 
pathdlogy, roentgen manifestations, and clini- 
cal findings in silicosis and some of the non- 
specific pneumoconioses. No effort has been 
made to go into detail concerning many of the 
aspects of this subject. He has, however, given 
sufficient information in the first four chapters 
to stimulate one to look elsewhere, if one is 
interested in this subject. The average physi- 
cian is not familiar with the roentgen findings in 
a number of these conditions. Therefore, the 
author has devoted the major portion of his 
book to illustrating representative chest films 


«and has given the history of these cases in both 


i 


E 


English and French. 

The publishers have selected a very good 
pring for this book, but the paper is very glossy 
and it is exceedingly difficult to read unless the 
light is just right. In selecting a calendar of 
paper for the illustrations the publishers have 
done'an excellent job. Anyone familiar with 
reproducing the roentgen findings in silicosis 


“is aware of the difficulties. In spite efethis the 


author has been successful in most instances. 
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MALIGNANT DISEASE AND ITS TREATMENT BY 
Raprum. By Stanford Cade, F.R.C.S., Sur- 
geon, Westminster Hospital, Mount Vernon 
Hospital, and The Radium Institute; Lec- 
turer in Surgery, Westminster Hospital 
Medical School; Associate Examiner in 
Surgery, University of, London, etc. Cloth. 
Price, $18.00. Pp. 1280, with 623 illustra- 
tions, many in colour. Baltimore: Williams 
& Wilkins Company, 1940. 


This ambitious volume includes information 
gained from the treatment of 3,000 cases of 
malignant disease cared for at Westminster 
Hospital, Mount Vernon Hospital and else- 
where in England. These patients all received 
radiation therapy alone or a combination of 
irradiation and surgery. The first 94 pages deal 
with the radioactivity of radium and include 
chapters on mass units, dosimetry and the 
measurements of plaques by Dr. H. T. Flint, 
Dr. C. W. Wilson and Dr. L. H. Gray. All doses 
are expressed in roentgens but unfortunately 
the difference between x-ray roentgens and 
gama-ray roentgens is not emphasized. Al- 
though a sketchy description of practical dosage 
calculation is given, the student will find it 
practically impossible to estimate actual tissue 
doses from the data provided. e 

'The second section, comprising 180 pages, is 
entitled “The Biological Effects of Radiation" 
and deals wjth radiosensitivity, the mode of 
action of radiation, the effects of radium on 
normal and malignant tissues and radiation 
protection. The effects of over-irradiation of 
certain portions of the body are des@ribed in 
great detail, but this portion of the volume is 
incomplete. For instance, no mention is made 
of over-irradiation of the intestine, which con- 
stitutes one of the most important sequelae ob- 
served in actual practice. 

The remainder of the book is divided into 20 
chapters devoted to the clinical picture, path- 
ology and treatment of malignang disease as it 
appears in the various anatomical locations. 
The material is well presented and techniques 
are illustrated so that they can be easily dupli- 
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cated, but the method of dosage calculation in 
terms of gamma-ray roentgens is still not clari- 
fied. The outstanding contribution of the vol- 
ume consists of a convincing demonstration of 
the efficiency of multiple weak, heavily filtered 
radium needles and capsules used for relatively 
long periods of time. In no other publication can 
one find such a wealth of information relative 
to the indications for the use of this method in 
the treatment of cancer. This good feature 1s 
somewhat marred by the author's preference 
of the radium bomb for external irradiation, a 
preference which does not seem to be upheld by 
his recorded results. 

The book is printed on a good grade of paper 
and the illustrations, many of which are in 
color, are unusually well done. The pathology 
and clinical classifications of the various types 
of cancer are adequately covered and although 
little American literature is included, an exten- 
sive bibliography is given at the end of each 
chapter. If the alleged superiority of teleradium 
be discounted this text will be found especially 
valuable by the radiologist who must work with 
relatively small amounts of radium. 

CHARLES L. Martin 


THE 1941 YEAR Book or Ranrorocvy. Diag- 
nosis, Edited by Charles A. Waters, M.D., 
Associate in Roentgenology, Johns Hopkins 
University; Assistant Visiting Roentgenolo- 
gist, Johns Hopkins Hospital; Associate 
Editor, Whitmer B. Firor, M.D., Assistant 
in Roentgenology, Johns Hopkins Univer- 
sity; Assistant in Roentgenology, Johns Hop- 
kins Hospital. Therapeutics, Edited by Ira I. 
Kaplan, B.Sc., M.D., Director, Radiation 
Therapy Department, Bellevue Hospital, 
New York City; Associate Radiologist, 
Lerfx Hill Hospital, New York City; Clinical 
Professor of Surgery, New York University 
Medical College. Cloth. Price, $5.00. Pp. 440, 
with «86 illustrations. Chicago: Year Book 
Publishers, Inc., 1941. 


The 1941 Year Book of Radiology has been 
in use for several months and most radiologists 
are aware of its contents. In view of its widely 
recognized usefulness it needs hardly more than 
a routine announcement. Those about to enter 
on the specialty should know that in this one 
book is confàined more information in con- 
densed form than could be obtained from any 
other single source or indeed from many more 
sources than are available to the average physi- 
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cian. In fact 80 scientific publ¥cations have been 
searched by the capable staffs of Drs, Waters 
and Kaplan with the usual remarkable collec- 
tion of interesting cases and aids to diagnosis 
and treatment. 

The diagnostic section dealing viui. 
osseous system alone contains so many interest- 
ing subjects that it is difficult to select those 
most interesting. So-called creeping fractures, 
pseudofractures, infarction of bones, hemangio- 
mas, eosinophilic granulomas of bone, dorsal 
bunion, anomalies of occiput, axis and atlas are 
a few of the highlights of the osseous section. 

The glandular, respiratory, gastrointestinal, 
genitourinary and other special divisions of the 
diagnostic portion contain fully as interesting 
an array of subjects. The chapter on military 
roentgenology needs no comment as to its time- 
liness. 

Therapeutics surpasses if possible the high 
standards of previous years. Treatment of 
angina pectoris and hypertension, prevention 
of hearing defects by pharyngeal irradiation, 
roentgen therapy of glaucoma avoiding enu- 
cleation, treatment of bursitis and rheumatic 
disease, accurate forecasting of irradiation sick- 
ness are among the non-malignant conditions 
contained in Dr. Kaplan’s section, and study 
and treatment of malignant conditions occupies 
its usual important share of space. As in former 
years the editorial comments following many 
of the abstracts aid the younger man in evalu- 
ating the facts and conclusions of the original 
authors and are an invaluable part of the work. 


E. WALTER HALL 


EPILEPSY AND CEREBRAL LOCALIZATION: A 
STUDY OF THE MECHANISM, TREATMENT AND 
PREVENTION or EPILEPTIC SEIZURES. By 
Wilder Penfield, Litt. B., M.D. (Johns 
Hopkins), D. Sc. (Oxon., Princeton), Pro- 
fessor of Neurology and Neurosurgery, Mc- 
Gill University; Director of the Montreal 
Neurological Institute, and Theodore C.* 
Erickson, M.A., M.Sc., M.D. (Minnesota), 
Ph.D. (McGill), Formerly Lecturer in Neuro- 
surgery, McGill University; Assistant Sur- 
geon, Montreal Neurological Institute; Now 
Associate Professor of Surgery, University of 
Wisconsin. Chapter xiv by Herbert H. 
Jaspge Chapter xx by M. R. noo 


163 illustrations. Springfielg, Illinois: Charles 
C Thomas, 1941. 4 
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Tifis scholarly fvolume should perhaps be 
entitled? “Cerebral Localization and Epilepsy." 
The portion of the book which entitles it to a 
permanent place in medical literature is the 
series of excellent case reports illustrating the 
pmiveiples. of cortical localization. No such 
group of well-recorded observations on the 
results of stimulation and extirpation of various 
portions of the brain has ever been reported. 

The arrangement of the book tends to give 
the impression that the majority of cases of 
epilepsy are due to focal lesions susceptible of 
surgical removal. This impression is strength- 
ened by the inclusion of an account of the relief 
of seizures by removal of brain tumors. The 
authors’ experience with the control of seizures 
by surgical means has been unusually favorable 
—aábout 40 per cent in carefully selected cases. 
The authors remark: “Operations for the surgi- 
cal removal of epileptogenic lesions of the brain, 
however incompletely developed, already offer 
a more encouraging and gratifying prospect to 
the neurosurgeon than does the radical treat- 
ment of brain tumors.” 
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Relatively little attention is paid to the sub- 
ject of cryptogenic or “idiopathic” eptlepsy, 
which enormously outnumbers all other types. 
From the table on page 22, one would judge 
that cryptogenic seizures were to be suspected 
strongly only in the second decade. The propor- 
tion of spontaneous improvement is given at 2 
per cent; this is lower than the figure given, for 
example, by Lennox, of 20 per cent. No com- 
parison is given between the results of medical 
and those of surgical treatment. The authors 
are wholly skeptical of the value'of medical 
treatment of seizures due to focal lesions, but in 
other clinics the results of such treatment are 
excellent. : 

There are extremely good special chapters on 
cranial roentgenography, electroencephalog- 
raphy, and of the results of psychological 
studies. 

This book should be in the library of every 
neurologist, indeed of every physician inter- 
ested in the important subject of seizures. 


Tracy J. Putnam : 
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. A SIMPLE WAY TO HOLD A FILTER IN PLACE ON 
CONTACT THERAPY TUBES 


By U. V. PORTMANN, M.D. 


e Cleveland Clinic 
CLEVELAND, OHIO 


E HAVE been accustomed to hold a 
filter in placé on the contact therapy 
tubes (Philips-Metalix) by slipping a finger 
cot over it and the tube end or to drop the 
filter into a localizing cone. 
There are disadvantages to these meth- 
ods. The thin rubber cot tears easily. It is 
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becoming difficult to obtain cots of proper 
size. The filter sometimes gets out of align- 
ment because it is not held securely 
enough. When an unattached filter is 
dropped into a localizing cone it may be in- 
verted, which 1s annoying, and if not dis- 
covered will result in decreased dosage from 
increased distance. 

These difficulties may be obviated by 
adjusting the concavo-convex filter on the 
tube end and wrapping a single short strip 
of half or quarter inch scotch cellulose tape 
around the rim of the filter and tube end as 
illustrated. This can be done quickly, the 
filter is held securely, it is clean and cheap. 
If a sterilized tube end is desirable, the 
filter may be attached as described, then a 
cot will slip over it easily. Protected in this 
way the rubber covered tube end may be 
immersed in a germicidal solution. It is 
easier to remove the tape if made longer 
than the circumference of the tube, then 
turned back on itself with adhesive surfaces 
in apposition thus making a small tab to 
grasp. Adhesive material sticking to the 
tube may be wiped away with alcohol or 
benzine. e 
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ABSTRACTS OF RO 
| RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 


_ ABDOMEN 


McNziLL, James H. Persimmon phytobezoar 
with case report. Ann. Int. Med., May, 1941, 
14, 2142-2147. : 
Persimmón phytobezoar is generally seen in 

the United States and in Japan where the per- 
simmon is native. It is caused by eating whole 
persimmons when the stomach is empty. There 
is a soluble astringent called shibuol just be- 
neath the skin of the persimmon which 1s co- 
agulated by the action of the stomach acids 
and produces the phytobezoar. These bezoars 
are apt to cause peptic ulcer in the prepyloric 
region. The bezoar itself only causes vague 
stomach symptoms. 

The author describes a case of his own and 
analyzes the symptoms from this case and 11 
others reported in the literature. Mis patient, a 
man of fifty-seven, came for treatment in the 
spring for pain in the stomach, which he had 
had since the preceding fall. His symptoms sug- 
gested peptic ulcer. Roentgen examination 
showed a filling defect in the prepyloric region 
and a movable translucent mass in the stomach 
which was diagnosed as a pedunculated epi- 
thelioma, but which proved on operation to be a 
phytobezoar. The ulcer was resected, though 
these ulcers usually heal spontaneously after 
the removal of thebezoar. The patient reported 


that he had eaten a considerable amount of : 


persimmons one day the preceding fall just be- 
fore the beginning of the symptoms and had 
taken*no food or drink for several hours after- 
ward.—Audrey G. Morgan. 


SCHINDIsER, RUDOLF, STEINER, PAUL E., SMITH, 
WirnLiAM M., and Darrer, Morris E. The 
classification of gastric carcinoma. Surg., 
Gynec. & Obst., July, 1941, 73, 30-39. 


The histological grading of carcinomata of 
the stomach in use up to this time has appar- 
ently failed to show the degree of clinical malig- 
nancy. Prognosis does not seem to depend on 
the size of thé tumor, its site or its microscopic 
structure. 

The authors suggest a classification based on 
macroscopic criteria. According to this classifi- 
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fication Type 1 is polypoid carcinomZe: das 
terized by a broad base, supporting a hard 
hemispherical swelling. This is found in 2.9 per 
cent of cases. Type 11 is the non-infiltrating car- 
cinomatous ulcer which constitutes 17.6 per 
cent of all cases, Type ru is infiltrating car- 
cinomatous ulcer, which occurs in 16.3 per cent 
of all cases and Type 1v is of the diffuse infiltrat- 
ing type which constitutes 63.2 per cent of all 
cases. 

A table is given showing a comparison be- 
tween the macroscopic and microscopic grades 
in 50 cases. Apparently the end-results after 
surgery are very good in macroscopic Types 1 
and n and not good in Types 111 and Iv. Fur- 
ther study is necessary to confirm this impres- 
sion, however, and more work should be done 
in correlating macroscopic types, microscopic 
grades and surgical results in an effort to estab- 
lish a surgical prognosis before operation.— 
Audrey G. Morgan. 


Brunn, Hanorp, and Gorp, Rusin L. The 
surgical problem of chronic gastritis. Surg., 
Gynec. & Obst., Jan., 1941, 72, 31-37. 


Early diagnosis of cancer of the stomach is 
highly desirable. Gastroscopy is a valuable aid 
in differential diagnosis. But there are cases in 
which differentiation between gastritis and 
cancer is extremely difficult, not only on roent- 
gen and gastroscopic examination but even on 
surgical exploration. Antral gastritis, a form of 
chronic hyperplastic gastritis, is probably pre- 
cancerous. 

One of the authors, in collaboration with 
Pearl, described the first case of hypertrophic 
gastritis simulating tumor fourteen years agos 


J» 
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e 


Now after fourteen years the patient still has e 


intermittent attacks of mild abdominal dis- 
tress and diarrhea, which are controlled fairly 
well by bland diet and dilute hydrochloric acid. 
Three further cases are described, in 2 of which 
a diagnosis of cancer was made on the basis of 
the clinical and roentgen findings but in which 


; z srs € 
operation showed severe hypertrophic gastritis. ; 


In the t#frd case the first roentgen examinatio 
suggested a single gastric polyp. Gastroscopy 
showed evidence of diffuse intilerctive changes 


which, however, were interpreted as being e, 
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caused by gastritis. Four months later the roent- 
brain showed pronounced changes and 
revealed an advanced inoperable 
carginoma of the posterior wall of the stomach. 
Ie fact that there are such difficult cases 





a Da ; 
does not *mgue against the value of gastroscopy 
e as an aid in diagnosis. If neither roentgen exam- 


ination or gastroscopy makes definite diagnosis 
possible, exploratory operation is justified, not 
only for the purpose of settling the diagnosis 
but for that of removing a possible cancer.— 
, Adrey G. Morgan. 


MurLEN, Tuomas F. Some factors influencing 
the curability of cancer of the stomach. Surg., 
Gynec. & Obst., Feb. 14, 1941, 72, 298—306. 


From 1920 to 1938 there has been a steady 
increase in the number of deaths from cancer. 
About one-third of these are from cancer of the 
stomach; there are more than 100 deaths from 
cancer of the stomach every day of the year. 

It is probable that cancer never occurs in the 
normal stomach, but is preceded by various 
types of chronic gastritis. There are substances 
occurring normally in the body which, under 
the influence of disturbed metabolism, may be- 
come carcinogenic. 

One of the necessary factors in the early de- 
tection and consequent curability of cancer of 
the stomach is a high index of suspicion on the 
part of both patient and physician. Many per- 
sons have so-called dyspepsia without thinking 
much about it. But the public should be taught 


that signs of gastric distress, loss of weight and. 


appetite, vomiting, weakness and diarrhea are 
symptoms that require medical attention. An- 
other group of patients do not have digestive 
symptoms, but only extreme fatigue and per- 
nicious anemia. 

And physicians themselves should recognize 
the fact that a roentgen study of the whole 
Bastrointestinal tract is a necessary part of a 


ecomplete physical examination, particularly if 


there are any digestive symptoms. Also that one 
negateve result does not rule out cancer of the 
stomach. The examination should be repeated 
at regular intervals, preferably by the same ex- 
pert roentgenologist, as long as there are symp- 
toms. Finally, if cancer of the stomach is diag- 


he greatest skill and experience. Thé'"verage 
operative mortali y is about 25 per cent. In 
skilled hangs*t&e operative mortality should be 


h nosed it should be treated only by a surgeon of 


e ¿less thap 15 per cent. Eves if surgery is only a 
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crude method, as long as no better method is 
known it should be carried out with the hrghest 
degree of skill and only by surgeons with experi- 
ence in this particular field— Audrey G. Mor- 
gan. 


Bieren, RorANp E. Carcinoma of the lower 
intestinal tract. Surg., Gynec. €8 Obst., March, 
1941, 72, 611-615. 


From January, 1922, to June, 1939, 254 cases 
of carcinoma of the large bowel (ingluding 2 of 
the appendix and 10 of the anus) were seen at 
the University of Maryland Hospital. Approxi- 
mately 97 per cent of the cases were followed up. 

Of the 242 cases of adenocarcinoma of the 
colon and rectum 79, or 33 per cent, were oper- 
able. This is a low operability and is partly 
explained by the fact that 56 cases were con- 
sidered inoperable in which there were no 
metastases. They were judged inoperable on ac- 
count of the extent of the tumor. 

Among the 79 cases operated on there were 
30, or 38 per cent, of operative deaths. Perito- 
nitis was the gause of death in 18, or 60 per cent 
of the cases. Twenty-four of the patients have 
survived three years or more. One patient has 
recurrence after fifteen years. This is probably 
another tumor. Of the 25 remaining cases 14 
have died and 11 are still living, having sur- 
vived varying periods less than three years. 


Two of these have liver metastases. 


Of the 163 inoperable cases, aside from 3 
survivals of fourteen years, thirteen years and 
six years under electrocoagulation and radium, 
and 1 survival of four and one-half years under ~ 
radium alone, there were no*survi*als of over 
three years and the average survival was fif- 
teen months. 

Thirty-six patients were treated with ra- 
dium. All of the three long-term survivals men- 
tioned above were Grade iu tumors. Dukes’ 
classification was used, according to which A 
indicates that the tumor is limited®to the 
mucosa and submucosa, B indicates involve- 
ment of the muscularis and C peritoneal or 
regional node involvement. 'The survival of one 
inoperable patient for fourteen years casts some 
doubt on the criteria of inoperability adopted. 

Operation should be performed whenever 
possible as the chance of survival in untreated 
cases Is poor, while if adequate ex«ision is per-- 
formed and the patient survives the qperation 
his chances for survival are good.—Audrey G. 
Morgan. 
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Burrce, Raymonp E. Carcinoma of the large 
infestine. Arch. Surg., May, 1941, 42, 801- 
818. 


This article is based on 416 cases of malig- 
nant tumor of the large intestine found among 
26,798 autopsy records at the University of 
Minnesota from 1910 to 1937. The percentage 
of male to female patients was 1.77 to 1; their 


average age was fifty years, six months. The 


most frequent sites of the cancer were the rec- 
tum, the ygmoid flexure and the cecum. 

There are no specific symptoms early in the 
disease. Generally the patient does not come for 
treatment until hemorrhage or signs of obstruc- 
tion develop. A pant of the blame for failure to 
come earlier for treatment rests on the patient 
himself and part of it on the general practitioner 
to whom he first. goes for advice. Not only 
should the public be educated in regard to the 
early signs of cancer, but the family physician 
should be trained in early diagnosis and treat- 
ment. If symptoms such as melena, changes in 
intestinal habit, diarrhea or constipation or 
alternation of the two, weakness, anemia, loss of 
weight or signs of intestinal obstruction appear, 
complete clinical and roentgen examination 
should be made at once. Roentgen examination 
is absolutely indispensable for .the early diag- 
nosis of cancer of the colon. Among 97 diag- 
noses based on roentgen studies of the colon, 85 
per cent were correct. Digital examination of 
the rectum and the use of the sigmoidoscope 
are useful aids in the diagnosis of cancer of the 
distal part of the colon. 

The most frequent mistaken diagnoses made 
in cancer of the celon are discussed and the sug- 
gestion made that the trainees in cancer clinics 
should carefully correlate the histological and 
clinigal findings in all cases. Such a study car- 
ried out in all cancer institutes over a period of 
five years weuld give invaluable information.— 
Audrey G. Morgan. 


Micon eae. DEAN. sana bile duct peri- 
stalsis; preliminary report. Surg., Gynec. EF 
Obst., Dec., 1941, 73, 864-866. 


A case is described in which roentgenoscopic 
examination of a pathological common bile duct 
showed clear evidence of peristalsis of the duct. 
Cholangiograms are given showing the evi- 
dence on whieh this conclusion was based. There 
were changes in the internal diameter of the 
duct which could have been caused only by 
irritation by the tube, contraction of the sphinc- 
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ter muscle or peristalsis. Irritation could not 
produce such changes if there was nog an Inher- 
ent ability to contract and relax. The 
tion was I inch from the end of the duct]arid " 
sphincter tissue rarely extends so far up. 

Peristalsis should be expected ina Common. 
duct because it is an integral part of the bile 
tract and an uninterrupted flow of bile is neces- 
sary to good health. 

The clinical conclusion to be drawn from this 
finding is that serial cholangiograms should be 
taken, as the findings on a single plate may be 
misleading.—Audrey G. Morgan. 





FELDMAN, Maurice. The terminal common 
bile duct and duodenal papilla; roentgeno- 
logical consideration. Surg., Gynec. E Obst.,. 
Dec., 1941, 73, 838-844. 

Little attention has been paid in the roent- 
genological literature to the changes in the 
terminal common bile duct and the papilla of 
the duodenum. Of course a knowledge of the 
normal roentgen appearance of this part of the 
digestive tract 1s a necessary prerequisite to an 
Interpretation of pathological changes. 

The author has previously published a de- 
scription of the normal roentgen appearance of 
the ampulfary portion of the duodenum and in 
this article he describes and illustrates with 
roentgenograms pathological changes in this 
area which may be of diagnostic significance, 
including enlargement and broadening of the 
plica longitudinalis duodeni fold, encroachment 
of the enlarged duodenal fold on the lumen of 
the duodenum, mucosal changes surrounding 
the longitudinal fold and changes in the pattern 
of the mucosa of the ampulla, enlargement of 
the major duodenal papilla, filling defect in the 
outline of the duodenum, varying degrees of 
stenosis, defect from secondary ulceration, in- 
vasion of the pancreas by carcinoma, which 
may cause signs of pressure on the duodenum 
cholecystographic changes which cause non-, 
filling of the gallbladder when the bile duct is 
occluded and pressure defect of the stomgch in 
late cases —Audrey G. Morgan. 


Arce, José. Hydatid cyst of the liver. Arch. 
Surg., June, 1941, 42, 973-987. : 
The surgical treatment of hydatid cyst of the 

liver is*üiscussed and illustrations given show, 

ing the technique of the dgfferent operations 
used: midline laparotomy, Vier aparotomy, 
transdiaphragmatic 9 parapleural làp NE 


; 
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andtrénspleural transdiaphragmatic thoracolap- 
arotof y The author uses his own incision, 





Burney’ s gridiron incision for press sine 
used in the upper part of the abdomen. 

When the cyst has been reached it can be 
treated by removal of the parasite, followed by 
suture of the adventitia without drainage, re- 
moval of the parasite followed by marsupializa- 
fion and drainage of the adventitia, removal of 
the parasite without suturing or draining the 
adventitia, or total removal of the cyst. 

Roentgenograms are given of cysts in differ- 
ent parts of the liver and the indications for the 
various types of operation discussed. Sometimes 
the roentgenogram shows calcification of the 
adventitia. If such a cyst is not too large or 
too far from the periphery of the organ it should 
be totally removed. Marsupialization should be 
used for cysts opening into the biliary tract or 
into a bronchus.—udrey G. Morgan. 


SKELETAL SYSTEM 


LacHMAN, Ernest. The limitations of the 
roentgen diagnosis of fractures. Surg., Gynec. 
C3 Obst., Aug., 1941, 73, 140-151. 


Since roentgen rays have been used in medi- 
cine the opinion seems to have become estab- 
lished that the roentgen report of a fracture is 
something absolutely objective and definite and 
not subject to errors of interpretation. 

The author points out that this 1s by no 
means true and that there are very definite 
limitations to the accuracy of roentgen diagno- 
sis of fractures. In order for a physician to in- 
terpret roentgen findings correctly he must 
know the laws of roentgen physics, particularly 
those of projective geometry. He must know the 
normal roentgen anatomy of the skeleton at 
different ages and the roentgen symptom atology 
of bone diseases and must take into considera- 
tion the possibility of supernumerary bones and 
other abnormalities that may simulate frac- 
ture. 

Sometimes the patient is so severely injured 
that it is impossible to make roentgenograms in 
“all the projections necessary for roentgen diag- 
Ja It may not be possible to visualize% frac- 

ture line in cartilage or because it is too minute 
to be shown. ojections used may not be 
çhosen pro, rly to show the fracture in ques- 
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tion. Complex parts of the skeleton, such as the 
skull and vertebrae, are apt not to be shown 
because of superimposition of other bones or 
parts of bones. And in cases of multiple fracture 
some of the fractures may not be included in the 
roentgenogram. 

Special care is necessary in evaluating the 
displacement of fragments. Angulation of frag- 
ments toward or away from the plane of the 
roentgen film may cause misinterpretation. The 
introduction of the lateral projection has de- 
cidedly influenced the diagnosis and treatment 
of fractures of the neck of the femur, and doubt- 
less further technical improvements will over- 
come others of the limitations | in the roentgen 
diagnosis of fracture. But ‘the physician and 
roentgenologist must recognize the existence of 
such limitations. 

None of the signs of healing of fracture are 
absolute. A fracture line may be masked for in- 
stance by exuberant callus. The clinical findings 
must be considered in evaluating bone repair. 
The roentgen signs of fracture may disappear 
so completely that it is impossible to say that 
there has ever*been a fracture. This may be of 
importance in medicolegal cases, as may the 
fact that after about a year it is impossible to 
judge the date of a fracture from the roentgeno- 
gram.—Audrey G. Morgan. 


RiEsENMAN, F. Recis, and YatTer, WALLACE 
M. Osteogenesis imperfecta; its incidence 
and manifestations in seven families. Arch. 
Int. Med., May, 1941, 67, 950-967. 


Seven white families living near Washington, 
D. C. were studied, and 91 cages of psteogene- 
sis imperfecta were discovered among their 255 
members. Four of the families are described in 
detail and family trees given showing the in- 
cidence of the disease. 

The triad of symptoms in this disease is blue 
sclerotics, occurring in 100 per cent of the cases, 
brittle bones with multiple fractures in 65 per 
cent and otosclerosis with progressive deafness 
in 43 per cent. The roentgenogram shows the 
bones of the extremities very slender with 
greatly expanded ends. There are peculiar cross 
striations. The bone is very dense and hard 
and looks and cuts like marble. 

The disease is evidently due to a hereditary 
inferiority of the mesenchyme and ft is possible 
that improvement in its treatment may be 
brought about by a more complete knowledge 
of genetics and eugenics. There is no proof that 
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the endocrine system is involved or mineral 


metdbolism affected. 

The disease may develop during intrauterine 
life and the child may have multiple fractures 
at birth. This form is rare. All the cases in this 
series belonged to the post-natal or infantile 
type. These children have blue scleras at birth. 

There is no specific treatment. Early ortho- 
pedic treatment may be useful in preventing 
crippling. The use of thymus extract has been 
recommended because of the influence of the 
thymus on the growth and development of 
bone. But it has generally not been given until 
the child has had several fractures. It would be 
more logical to giye it to the mother during 
pregnancy in affected families, and to begin its 
administration at once to any child born with 
blue scleras.— 4udrey G. Morgan. 


Covos, J. H., and Roserrson, H. F. Occur- 
rence of postoperative acidosis and pagetoid 
bone changes in hyperparathyroidism. Surg., 
Gynec. © Obst., August, 1941, 73, 165-174. 


Two cases of parathyroid tumor associated 
with hyperparathyroidism are described which 
illustrate two different aspects of the condition. 
The first case was in a woman of fifty-two who 
first presented the signs of hypercalcemia and 
then of multiple bone cysts due to decalcifica- 
tion. A diagnosis of hyperparathyroidism was 
made and the tumor removed by operation. 
Ten hours after operation a severe acidosis de- 
veloped. The danger of such postoperative 
acidosis in this condition should be borne in 
mind. It is probably caused by the retention in 
the blood*of acfd radicals, such as sulphates, 
phosphates and chlorides, while sodium is ex- 
creted freely by the kidneys and calcium is re- 
tained in the bones. The basic radicals are de- 
pleted and acidosis occurs. This same mecha- 
nism may @ause hypocalcemic tetany. Either of 
these conditions may be fatal. The acidosis was 
successfully treated in this case by giving so- 
dium bicarbonate intravenously. A salt-free 
diet for a week or so before parathyroidectomy 
would be a typical preventive measure in these 
cases. 

In the second case in a woman of sixty-four 
the roentgenogram showed bone changes re- 
sembling these of Paget’s disease. The changes 
were probably caused by alternate exacerba-. 
tions and remissions of parathyroid activity 
which brought about alternate periods of de- 
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calcification and recalcification of bonets-/fu- 
drey G. Morgan. 







Batrs, Martin. Periosteal fibrosarcoma 
Surg., March, 1941, 42, 566-576. 
Periosteal fibrosarcoma 1s an unu pe of 

tumor. In a series of 200 primafy malignant, 
bone tumors seen at the University Hospital, 
Ann Arbor, Mich., 27 were of this type. About 
two-thirds of the patients were males and 21 of 
them, or 78 per cent, were less than forty years 
of age. According to the histories neither hered- 
ity nor trauma played any important part iA 
causing the tumor. 

The average duration of symptoms was 
twenty months, which is relatively long as com- 
pared with other malignant bone tumors. The 
commonest symptoms were pain and swelling. 
In 3 cases there was tumor formation without 
any history of pain. The tumors were deep- 
seated, smooth and not fixed to the overlying 
tissues, but they were relatively immobile be- 
cause of firm fixation to the periosteum. 

Roentgen examination showed two types of 
changes, destructive and reactive. Roentgeno- 
grams showing these types of change are given. 
Destructive changes were more frequent than 
reactive ones. The histopathological findings 
were essentially the same as those seen in any 
sarcoma originating from fibrous tissue. 

The tumors were divided into four grades ac- 
cording to the degree of malignancy. Tables are 
given showing the percentage of five year sur- 
vivals, as based on site of tumor, type of treat- 
ment and degree of malignancy. They indicate 
that the most important factor in prognosis is 
the degree of malignancy. All of the cases of 
Stage 1 showed five year survival, 70 per cent of 
those of Stage 11 and none of those of Stages 
II and iv. The site of the tumor apparently 
does not affect prognosis and the type of treat- 
ment was a less decisive factor than the degree 
of malignancy. Local excision plus roentgfn 
therapy gave the highest percentage of five yeae 
survival. 

Follow-up studies were made in 25, 01993 per 
cent, of the cases. Ten patients, or 40 per cent, 
had survived for more than five years after 
treatment. Three of the patients died of malig- 
nancy more than five years after treatment,e 
showing that five year survival does not mea 
cure. Most of the deaths, 13 or 52 per cent; CON 
from metastases in the lungy— Audrey G. Mor- 


gan. 
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BADGLEY, Carr E., and Barrs, MARTIN, Jr. 
Ofteogenic sarcoma. Arch. Surg. Oct., 1941, 
—§50. 
steogenic sarcoma is the most common type 
ary malignant bone tumor, constituting 
almost haNwef the total number of bone tumors 
* reported by the American Registry of Bone Tu- 
mors. At the University Hospital, Ann Arbor, 
Mich., a series of 80 cases treated from 1925 
to 1938 has been studied. In half of these cases 
the patients were in the second decade of life. 
f The average age on admission was twenty-nine 
years, the youngest patient was eight years of 
age, the oldest seventy-two. Sixty-four per cent 
of the patients were men and 36 per cent 
women. There was a family history of tumor in 
only 13 per cent of the cases and a history of 
trauma in about a third of them. 

The average duration of symptoms from on- 
set to time of admission was thirteen months. 
The chief symptoms were pain and swelling, 
the pain preceding the swelling in the majority 
of cases. In almost all the cases the patients 
were in good health when the symptoms began. 
There was a palpable tumor in 73 cases, or 91 
per cent, which was hard and moderately 
tender. The regional lymph nodes were en- 
larged in only 2 of the cases. A few' of the pa- 
tients had a low-grade fever. 

The lesions occurred most frequently in the 
ends of the long bones and in half of this series 
of cases they were at or near the knee joint. 

The treatment of choice in this series was 
radical amputation, generally not preceded by 
irradiation. When roentgen treatment was 
given after operation it was generally as a pal- 
liative measure, usually for lung metastases. If 
amputation was impossible local excision was 
performed, generally followed by roentgen 
treatment. . 

Follow-up studies showed that 63 per cent of 
the patients had died. Of the other 17 one had 
metastases and the others were well. There 
were 15 five year survivals, or 19 per cent, and 
4 ten wear survivals, or 5 per cent. One patient 
was alive and well fourteen years and seven 
months after a mid-thigh amputation. The 
average survival in the cases of death was 

e thirty-one months. That even a ten year sur- 
vival does not necessarily mean cure is shown 

the fact that one patient died of pulfhonary 
metastases that dgveloped thirteen years after 
a mid-thig utation. 
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Prognosis is better in older patients than in 
younger ones, in cases in which symptorhs ap- 
peared relatively late, in distal than in central 
lesions of the extremities and in the. more 
highly differentiated types of tumor. The longer 
the survival after operation, the more favorable 
the prognosis. 

It has not been proved that biopsy endangers 
the patient’s life, though in this series the aver- 
age period of survival in cases in which biopsy 
had been done was twenty-eight months, and in ' 
those in which it was not done thirty-five 
months.— Audrey G. Morgan. 


GENERAL 
6 


CAMPBELL, DARRELL A. Carcinoma of the up- 
per extremity. Arch. Surg., Nov., 1941, 45, 
803—810. 


Carcinoma of the upper extremity is not 
common. It constitutes less than Io per cent of 
all carcinoma. 

A series of 36 cases treated at the University 
Hospital, Ann Arbor, Mich., is discussed. The 
most frequent etiological factor was carcinom- 
atous change occurring in keratoses. These 
carcinomata frequently develop in the scars of 
old burns and in the early days of the use of 
roentgen rays they often developed after roent- 
gen and radium irradiation. Lupus vulgaris is a 
common etiological factor. 

In this series of cases 32 of the patients were 
men and 4 women. Wide surgical removal of the 
lesion and irradiation of the site and of the re- 
gional glands proved the best treatment. Only 
4 of the patients, or 1I per cent, survived five 
years or more without recurfence. But a con- 
siderable number died of intercurrent disease 
before the end of the five year period was 
reached, and i#these and the patients who,have 
not yet reached the end of the five year period 
are counted the percentage of cues becomes 
seventy-two. In half the cases there were un- 
related tumors of other parts of the body. 

Although 15 of the patients have died, only 7 
died directly of the carcinoma. The others died 
of intercurrent disease. The average of those 
who died from carcinoma was 52.7 years and of 
those who died from intercurrent disease 
seventy-five years—udrey G. Morgan. 


* 
CAMIEL, Mortimer R., and Borksa, Herman. 
Carcinoma — erysipelatodes; subepidermal 
lymphatic metastases confused with opera- 
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tive sequelae. Surg., Gynec. E Obst., March, 

1941, 72, 635-641. 

Unna noticed the resemblance of certain tu- 
mor metastases to erysipelas. This condition 
was first named erysipelas carcinomatosa in 
1924 by Kuettner, but Rasch in 1931 criticized 
this name and suggested that of carcinoma 
" erysipelatodes because the condition is pri- 
marily cancerous. 

The authors describe 2 cases which occurred 
after operagon and roentgen treatment for car- 
cinoma of the breast in women forty-seven and 
forty-eight years of age. The reddened areà 
which developed around the operation scar was 
in both cases interpreted as postoperative in- 
flammation or radiodermatitis. Such a severe 
dermatitis caused by irradiation would, of 
course, be of medicolegal importance. A study 
of histological sections in both cases, however, 
showed that the lesions were cancerous. 

More than 200 serial sections were studied in 
an effort to determine whether the metastasis 
had been disseminated through the blood or 
lymphatic channels. Apparently it had been 
through the subepidermal lymphatics and tissue 
spaces rather than through the veins, as no 
erythrocytes were found in the vessels that con- 
tained the tumor cells. This is a chronic and not 
an acute process and the well demarcated, red- 
dened and.advancing border is the only feature 
that it has in common with erysipelas.—Audrey 
G. Morgan. 


‘Sapuir, Orro, and Parker, Morris L. Metas- 
tasis of primary carcinoma of the breast; 
with special geference to spleen, adrenal 
glands and ovaries. Arch. Surg., June, 1941, 
42, 1003-1018. 


There is very little definite information in the 
literature in regard to metastases from cancer 
of the breast. The authors therefore thought it 
worth while to report the pathological findings 
in 43 ses from the Michael Reese Hospital. 
The commonest site of metastases was in the 
lungs which were involved in 28 cases, and next 
the liver in 24 cases. This was followed by in- 
volvement of the adrenal glands in 19 cases, 
the spleen in 10 cases and the ovaries in 7 cases. 
It lias been said that carcinoma of the spleen 
secondary to cancer of the breast is part of a 
generalized microscopic carcinomatosis. In 3 
of the cases there were no metastases. 

A table is given showing the period of sur- 
vival after operation. It is evident that neither 
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tissue. Most of the tumors which caused metas- 
tases in the spleen, ovaries and adrenal glands 
showed an infiltration of isolated carcinoma 
cells outside the primary tumor. This was par- 
ticularly true of the signet ring cell vartety of 
mucinous carcinoma. 

With reference to treatment, in this series of 
cases the results were no better: -when irradia- 
tion was given following operation than when it 
was not. This would seem to indicate that ir- 
radiation is not effective for metastases. But 
the number was small and the tumors particu- 
larly malignant, so that no definite conclusions 
can be drawn in regard to this point.—udrey 
G. Morgan. 


Bnauwp, Raren R., and Martin, Haves E. 
Distant metastasis in cancer of the upper 
respiratory and alimentary tracts. Surg., 


Gynec. E Obst., July, 1941, 73, 63-71. 


It is well known that the regional lymph 
nodes are very frequently involved in cancer of 
the upper respiratory and intestinal tracts but 
very little has been written about systemic 
metastases from these tumors. . 

The records of the Memorial Hospital in New 
York show autopsies on 308 patients who died 
of cancer in these locations. Histological exam- 
ination of the primary tumor was made in 284 
of the cases which are considered in this article. 
They are divided into tumors of the lip, mucosa 
of the cheek, floor of the mouth, gums, tongue, 
palate, tonsil, nasal cavity and sinuses, wall of 
the pharynx, extrinsic and intrinsic larynx and 
esophagus. Tables are given showing the in- 
cidence of distant metastases from these differe 
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ent sites, the distribution of the distant metas-, 


tases and the relationship of the duration of the 
disease to the occurrence of distant metaggases. 

The lowest incidence of distant metastases 
was from tumors of the floor of the mouth, 6.2 
per cent, and the highest from those of the nasal 
cavity and sinuses, 35.7 per cent. Of the whole 
284 cases, 23.2 per cent showed distant metas- 
tases. Whese were blood-borne metastases. Th 
most frequent metastases were in the lungs, 
liver and pleura, which show 


| , whi eds 24 and 18 
cases of metastasis respectively. : P 
9 


MO 


` 
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is denerally believed that cancer of the 
is comparatively benign while in the young 
! rticularly malignant. This belief was not 
rmed ky these cases, though the 66 pa- 
with visceral metastases showed an aver- 
age age §.8 years while the average age of 
* the patients without visceral metastasis was 
$9.4 years. Syphilis seemed to have no causal 
significance in the production of distant metas- 
tases. Only 3 of these patients had syphilis. 

Only the groups with cancer of the mucosa of 
f ^e cheek and of the esophagus showed a higher 
incidence of yisceral metastasis with a longer 
history of disease before treatment. In the other 
groups there was a shorter history from onset to 
treatment in the cases with distant metastases. 

The morphology of the tumor was of little 
‘value in determining the probability of distant 
metastasis. Among the patients with epider- 
moid carcinoma none had visceral metastases 
who had not at some time during the course of 
the disease shown involvement of the cervical 
lymph nodes, but 2 patients with adenocar- 
cinoma of the palate had visceral metastases 
not preceded by lymph node involvement.— 
Audrey G. Morgan. | 







List, Canr F. Intraspinal epidermoids, der- 
moids, and dermal sinuses. Surg., Gynec. & 
Obst., Oct., 1941, 73, 525—538. 


Epidermoids, dermoids and dermal sinuses 
are structures that contain elements of the skin. 
They are dysembryonic malformations rather 
than true tumors, but are called tumors here 
because of their tendency to expand. Epider- 
moids are made up of the superficial layers of 
the skin, dermoids contain all layers of the skin 
and also its accessory organs, such as sweat and 
sebaceous glands and hair follicles. Dermoid 
sinuses are tubular structures in direct connec- 
tion with the skin. The embryological theories 
f regard to their origin are discussed. 

The author describes and illustrates with 
roentgenograms § cases of his own which 
brought the total number of cases at the time of 
the writing of his article up to 56. Since then he 
has had another case and 4 more have appeared 
in the literature, making a total of 61. These tu- 
e mors are in the majority of cases below the 12th 

dorsal vertebra and many of them are in the 
A auda equina. Only 1 case has been described in 
the cervical cord. gAlmost two-thirds of all the 
ithin the leptomeninges, one- 
frankly intranfdullary and only a 
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few extradural. Most of the lesions were gn the 
posterior surface of the cord. 

No matter at what age they become manifest 
these tumors are present, though latent, at 
birth. Epidermoids and dermoids show a tend- 
ency to long remissions. The neurological symp- 
toms and spinal fluid findings are about the 
same as in other slowly growing tumors of the 
spinal cord. The total protein in the spinal fluid 
does not reach the very high levels that it does 
in neurinomas. e 

As these are benign encapsulated tumors 
their surgical removal should be simple, but re- 
sults have not been good until the past fifteen 
years. Total removal may be impossible be- 
cause of firm adherence of the capsule to the 
cord and nerve roots. Ánd in intramedullary 
cases it may be impossible to remove the whole 
tumor without injuring the cord. But even 
intracapsular enucleation with partial removal 
may bring about improvement for a long time. 
Dermal sinuses should be totally excised. If 
the sinus is infected the results are improved 
by the use of sulfanilamide, sulfathiazole and 
similar drugs.—Audrey G. Morgan. 


DONHAUSER, J. Lewi, and pe Rovvirrg, WiL- 
LaM H. Multiple myeloma, with special 
reference to soft tissue metastasis. Arch. 
Surg., Dec., 1941, 43, 946-1020. ; 


Multiple myeloma is a primary malignant. 
tumor of bone marrow with multiple foci'in the, 
bones. It is usually associated with anemia and. 
Bence-Jones proteinuria. Treatment is hopeless 
and death generally occurs within two years. 
This form of tumor generally develops in the 
sixth decade of life with the peak at fifty-five. 
As it most frequently involves the bones that 
contain the mêst red marrow it is commonest in 
the vertebrae, ribs, sternum, clavicle and skull, 
though any of the bones may become involved. 
The tumor is very vascular and more or less 
gelatinous. It is definitely destructive of bone 
and there is no evidence of bone repair. Spon- 
taneous fractures are very frequent. Soft tissue 
may become involved also, particularly the 
blood-forming tissues. The only change in the 
blood may be anemia, but in most cases there is 
an iticrease of lymphocytes and the myelocytes 
often increase to IO per cent.  » 

In any patient who complains of backache or 
obscure pain in the bones, especially if he is in 
the sixth decade of life, myeloma should be sus- 
pected. The disease is so rare that often physi- 
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cians do not suspect it and many mistaken 
diagnoses are made. When it is suspected the 
, pathologist, chemist and roentgenologist should 

be called in for confirmation of the diagnosis. 
The chemist should make complete examina- 
tions of the urine with regard to specific grav- 
ity, presence or absence of albumin and sugar, 
the calcium content and the presence of Bence- 
Jones protein. Determinations of blood calcium, 
phosphorus, phosphatase, total protein, includ- 
ing albumir-globulin ratio, non-protein nitro- 
gen, creatinine, urea and uric acid should be 
made. . 

Roentgen examination must be made by a 
roentgenologist who an detect very slight dif- 
ferences in the density of bone. The most char- 
acteristic finding is decreased density of the af- 
fected bones with absorption and replacement 
of lime salts by tumor tissue. There are usually 
sharply punched-out holes in the bones. These 
are seen in a number of other conditions, how- 
. ever, which must be ruled out by exclusion. 

There is no compensating hyperostosis. 

.Five cases are described in detail and illus- 
trated with roentgenograms and photomicro- 
graphs. Though it has been claimed that metas- 
tases are rare or non-existent in this disease 
there were metastases in 3 of these § cases. 
There was widespread direct extension of the 
disease in one case. In 3 of the cases there was 
Bence-Jones protein in the urine. The urinary 
findings were inconstant. In 4 of the cases severe 
pain in the back was the first symptom. There 
was low blood pressure in 2 of the cases but 
this is not a pathognomonic symptom.—Au- 
drey G. Mofran. * 


Lurz, J. FLErcHER. Calcinosis universalis. 7/27. 
Int. Med., Jan., 1941, 74, 127041282. 


Calcinosis universalis is a definite disease 
entity characterized by the deposition of cal. 
cium ingthe subcutaneous tissue, muscles and 
sometimes along the nerve trunks. There are 
none of the abnormalities which usually cause 
pathological calcification, such as chronic in- 
flammation, infarction, hemorrhage or tissue 
necrosis. Blood calcium is normal in the major- 
ity of cases, most of which are associated with 
scleroderma. Diagnosis is readily made by 
roentgen examination which shows the calcium 
deposits thróughout the subcutaneous tissue. 
There is no evidence of bone involvement such 


as is seen in parathyroid disease. The patient's - 


general health may be affected by the mechani- 
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cal disturbance resulting from the stint 
the muscles. . i 

Prognosis is unfavorable as to cure. 
no known effective treatment. The diseas 
slowly progressive but does not generally 
death. In the one case in which psy has 
been reported the patient died of an intercur- 
rent disease. No changes were found in the 
parathyroids, though the patient had had the 
disease for thirty-seven years. 

A case is described in a schoolgirl sixteen 






years of age in whom a fistula of the left hip \ 


developed after a fall on the hip. Biopsy and 
chemical examination showed a rich deposit of 
calcium salts, mostly phosphate, in the muscle 
fascia and superficial layers of muscle tissue of 


the leg but no true ossification, and no neo- 


plastic bone formation. Roentgenograms and a 
photomicrograph of the histological findings are 
given.— Audrey G. Morgan. 


ROENTGEN AND RADIUM 
THERAPY 


WALLACE, WiLLIAM S. Studies in radiation sick- 
ness. II. Vitamins Bı and C and the small 
intestinal change in radiation sickness. South. 
M. Fy Feb., 1941, 34, 1707173. , 
The author describes the technique of irradia- 

tion for carcinoma of the cervix used at Duke 

Hospital, and the treatment of these patients 

with vitamins B; and C in an effort-to prevent 

radiátion sickness. 

The patients treated with vitamin B, were 
given daily intramuscular injections of 10 mg. 
synthetic thiamin chloride, corresponding to 
3,000 international units. Those treated with 
vitamin C were given daily doses of 50 mg., or 
1,000 international units, of-eedium ascorbic 
acid in the form of "'cevalin?" These were large 
doses and it is improbable that larger ones 


: would have had any further effect. 


These vitamins almost completely eliminated? 
the severe nausea and vomiting of radiation 
sickness and the patients were more comforta- 
ble subjectively, but they had no effect oa the 
diarrhea and did not prevent the changes in the 
ileum seen after heavy irradiation. These 
changes resemble those of deficiency states, but 
they are evidently not caused by lack of vita- 
mins By and C. 


In the discussion Dr. Keith said that he be. 4. 
lieved the dosage of 300 r Ner day over two .- 





of 


x es 


i$ 





sef. With high voltage and high filtration he 

ugsatiy does not give more than 200 r per day. 

tle has had more relief from radiation sickness 

ffgm nicotinic acid than anything else, 50 mg. 

in a giassof water thirty minutes before meals. 

e The importance of the psychic factor in 
radiation sickness was mentioned.—/Zudrey G. 
Morgan. 


f over the abdomen it causes some nau- 







r d 
Darawp, Ernest M. Radiation damage to 
f tissue and its repair. Surg., Gynec. E Obst., 


Feb. 15, 1941, 72, 372-383. 


In the early period of the use of roentgen rays 
much damage was done because of lack of accu- 
rate knowledge of the action of the rays and of 
means for protection. Now with more adequate 
protection damage is less but still occurs. l 

It may be early, in the form of erythema and 
ulceration or late in the form of degenerative 
changes in the tissues and possibly the develop- 
ment of cancer in irradiated areas. Infection in 
a heavily irradiated area may cause necrosis 
and sloughing. The mucous membrane of neigh- 
boring organs may be almost as sensitive to 
irradiation as the tumor itself and serious dam- 
age may be due to this cause. Considerable 

. damage has been done by a method of removal 
of superfluous hair by beauty parlors in use 
some years ago. It was really a roentgen treat- 
ment and without knowledge of dosage on the 
part of the operators, the results were serious in 
many cases. 

Irradiation of a region does greater harm if 


the circulation is poor. Often the circulation in ^ 


the extremities 1s not good and as a result they 
do not bear oe as well as more vascular 
M and if an artery supplying an area 
damaged in this way 1s ligated later on surgical 
e operation necrosis of the whole area may occur. 
: Cancer may develop in an irradiated area 
after varying intervals. The shortest interval 
seeg by the author between irradiation and the 
development of cancer was two and one-half 
years, the longest eighteen years. Roentgen 
cancer is usually of the epidermoid type. Metas- 
tasis begins late but when it does begin it ex- 
tends rapidly, first through the lymphatics and 
unm then through the blood. Twenty-five? cases of 
various types ofginjury from roentgen irradia- 
tion are ibed and illustrated with photo- 
e graphs Audrey G. Morgan. . 
J 
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Younc, Forrest. The treatment of persistent, 
recurrent basal cell carcinoma of the face. 
Surg., Gynec. C8 Obst., August, 1941, 73, 152— 
164. 

Basal cell carcinoma usually occurs on ex- 
posed areas, such as the face. It ts compara- 
tively easy of cure either by irradiation, cau- 
tery or electrocoagulation. Sometimes, how- 
ever, the initial treatment is inadequate and 
there is persistent recurrence, which may make 
this a very serious condition. " 

If the growth recurs radical removal must be 
performed even if disfigurement results. The 
physician or surgeon is often hesitant in treat- 
ing these cases because of the fear of causing 
disfigurement. But often the tumor extends un- 
der apparently normal skin and care must be 
taken to excise well beyond the limits of the le- 
sion. Surgery is preferable to irradiation at this 
stage. The author believes repair should be 
done immediately rather than after an interval 
of twelve to eighteen months as has often been 
advocated. If grafting is necessary the flap can 
be prepareg before the operation and applied 
immediately after it. If it 1s a pedicled flap. the 
pedicle can be cut some four to six weeks later. 
This method requires a minimum of hospitaliza- 
tion. 

Six cases treated in his way are described.in 
detail and illustrated with roentgenograms.— 


Audrey G. Morgan. 


ARBUCKLE, MILLARD F., and Stutsman, A. C. 
Pharyngeal and laryngopharyngeal cancer; a 
new combination of surgery and radiation 
therapy in their treatment. South. M. F., 
Feb., 1941, 34, 219-221. 


Four cases are reported in which the authors 
removed the normal thyroid and epiglottic 
cartilages before radiotherapy was given. This 
was done because in these cases, even when the 
tumor is destroyed by irradiation, the cartilage 
becomes edematous and finally break down. 

In the discussion Dr. Le Jeune said that he 
had had poor results from irradiation in.laryn- 
geal cancer. He had had no experience with re- 
moval of the laryngeal cartilage, but if irradia- 


tion does not help the metastatic glands he 


could not see how it would help lesions inside. 
the larynx if the cartilage was removed. If ir- 
radiation is effective it would be ef special value 
in tumors of the pyriform fossa or.the hypo- 
pharyngeal area which are not accessible to op- 
eration. 
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~. Dr. Arbuckle replied that he did not know 
whether their method would be found an im- 
provement but that any method which prom- 
ised improvement was worth trying, as the 
mortality in these cases, except in genuine 
cordal cancer, is still distressingly high. He be- 
lieves surgery is indicated in operable cases, but 
irradiation alone or in combination with sur- 
gery, should be used in cases in which the loca- 
tion makes it difficult or impossible to reniove 
all of the tumor by surgery.—//udrey G. Mor- 
gan. 


RHINEHART, D. A., and RuiwEnAnr, B. A. Pro- 
tracted roentgen treatment of malignancies 
particularly of the head and face. South. 
M. F., August, 1941, 34, 820-823. 

-The fundamental principles of Coutard’s 
protracted fractional method of roéntgen ther- 
apy are high voltage, heavy filtration, low in- 
tensity, long single exposures, long treatment 
time and high total dosage. There are many 
modifications of the treatment. The technical 
factors most frequently used are:,200 to 220 
kv., § to 25 ma., a distance of 50 to 70 cm., 
filtration from o. 7 5 to 2 mm. copper and I to 2 
mm. aluminum and a daily dose of 200 to 250 
roentgens, measured in air. Often a composite 
filter of 0.4 mm. tin plus 0.25 mm. copper plus 
1.0 mm. aluminum is used instead of the pure 
copper: It gives a beam equivalent in quality to 
that of more than 2 mm. copper but at a greater 
intensity, so that treatment time is shortened. 

Because of the high total dosage given, up to 
6,000 to 8,000 r, the reactions are apt to be 
severe. It is € treaément that is hard for both 
patient and physician. 

It is -used chiefly for tumors of the mouth, 
pharynx, larynx, tongue and tonsi]s. A table is 
given showing the results in 61 cases. Thirty- 
two of the patients are dead, 29 of them of the 
original disease. Twenty-five are living, 20 of 
them apparently free of cancer. Treatment has 
been satisfactory in 23 cases, or 37.7 per cent.— 
Zudrey G. Morgan. 


New, Gorpon B., and HALLBERG, O. ERIK. 
The end-results of the treatment of malignant 
tumors of the palate. Surg., Gynec. & Obst., 
1941, 73, 5207524. - 

The authogs review 173 cases of malignant 
tumors of the palate treated at the Mayo Clinic 
from 1907 to 1939. During this time 236 cases 
of benign tumor of the palate were seen. 
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The most frequent tumors at this 
adenocarcinoma of the mixed type (76 @asesfin 
this series) and squamous cell epithelioma~Q4 
cases in this series). 

Among the cases of adenocarcinoma of tHe 
mixed type the average age of the p was 
fifty years for males and forty-two years for 
females. The average duration of symptoms 
was 4.75 years, the shortest one month and the 
longest thirty years. In almost half the cases 
the tumor was at the junction of the hard*and 
soft palates, which is the chief location of the 
openings of the ducts of the mucous glands. 
These tumors can generally be diagnosed easily 
from the location, the Jong duration and the 
movable, hard, nodular tumor. Fibromas or 
fibrosarcomas are the only tumors that may be 
confused with them. 

These tumors are removed surgically when- 
ever possible. If it is doubtful whether the whole 
tumor has been removed, radium seeds or 
needles are used at the time of operation. In all 
but one of the cases here reported the tumor was 
removed through the mouth. The lymph nodes 
of the neck were not removed unless they 
showed metastases. Generally these tumors do 
not metastasize. In 7 cases irradiation had been 
used before the patients came to the Clinic and 
the tumors were inoperable. In these cases only 
irradiation was used. 'The number of five year 
survivals was 46, or 88 per cent of the patients 
traced. There were 29 ten year survivals, or 78 
per cent of the 57 patients traced. This shows 
that these tumors were not very malignant. 

Among the 84 patients with squamous cell 
epithelioma the average age was 58.2 years; 
IO.7 per cent of the patients were women. The 
preferred treatment was removal by surgical 
diathermy under intratracheal nitrous oxide- 
oxygen anesthesia or intravenous pentothal 
sodium. The number of five year survivals 


was 20, or 38 per cent of the 52 patients traced. , 


Five year survival in cases of Grade 1 was 100 
per cent, Grade 11, 44 per cent, Grade ri, 38 per 
cent, Rud Grade 1v none. 

The other 13 cases were made up of ^ of 
melanoepithelioma, 4 of fibrosarcoma, 1 each of 
fibromyxosarcoma, myxosarcoma and chondro- 
sarcoma and 3 of lymphosarcoma. | 

Among the cases of melanoepithelioma there 


were twe survivals of four and two years. The # 


other patient was given only ioe dk irradia- 
r 


tion. The 4 patients with fib a showed 
freedom from recurrence after five Nen and 


e 


Ae 


ot 


ó 
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twenty years. Only palliative irradiation was 
usd inthe fourth case. The patient with fibro- 
myxosarcoma was treated with. radium but 
died two years later. The patient with myxo- 
sarcoma died a month after treatment. The one 
with chondrosarcoma had had a tumor of the 
palate removed ten years before admission to 
the Clinic. She was in very bad condition on 
admission and only palliative roentgen irradia- 
tion was used. All of the 3 patients with 
lymffhosarcoma had palpable lymph nodes 
when examined. They were all given palliative 
roentgen treatment but all of them died within 
eleven months of generalized metastases.— 
dudrey G. Morgan. 


KAMPERMAN, GeorGE. The present status of 
treatment of gynecological cancer; with spe- 
cial reference to results obtained since in- 
troduction of supervoltage roentgen therapy. 
Surg., Gynec. C8 Obst., Feb. 15, 1941, 72, 384- 
390. 

‘This article reviews the 845 cases of gyneco- 
logical cancer treated at Harper Hospital, 
Detroit, Mich., from 1922 to 1935 on the basis 
of the five and ten year survival figures. They 
include 636 cases of cancer of the cervix, 77 of 
cancer of the fundus, 171 of cancer of the 
ovary and 31 of cancer of the external genitalia. 

Tables are given showing the results in these 
groups. Only survivals were counted. All pa- 
tients who died were assumed to have died of 
cancer and those lost sight of were also counted 
as dead of cancer, though some of them doubt- 
less survived. Therefore the survival figures 
given are the lowest possible. 

At first treatment was with 200 kv. constant 
potential, 1 mm. copper filter, but in 1933 
supervoltage roentgen treatment was instituted 
with 500 to 6co kv. constant potential, 7 mm. 
copper filter..Only cases that were inoperable 
eand in which intrauterine radium treatment 
could not be given were treated with roentgen 
Irradiation alone. Improvement in the survival 
curves since the introduction of supervoltage 
therapy indicates that it does give better re- 
sults than earlier methods. 

In carcinoma of the cervix in the earlier 
years operation was performed in operable 
cases, followed by irradiation. Since 1928 the 


#~intrauterine use of radium has been stlied on 





chiefly, the largess tolerance dose being given— 
Pm. of 7,200 to 10,000 milligram- 
ntgen rays are gsed to irradiate areas 
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around the periphery of the pelvis outside thee 
action of the radium. From 1922 to 1928 the 
five and ten year survivals averaged 16 and 12 
per cent, from 1928 to 1933, 21 and 15 per cent, 
and from the introduction of supervoltage 
therapy to 1935 the five year survivals reached 
35 per cent. 

In carcinoma of the uterine fundus prelim- 
inary treatment with intrauterine radium and 
roentgen rays is given, followed in six to ten 
weeks by operation. This increased five year 
survivals to 71 per cent as compared with 55 
per cent in the period when operation was per- 
formed first. The absolute five year survivals 
since the introduction ofesupervoltage average 
50 per cent. 

The curves for five and ten year survival in 
carcinoma of the ovary are 20 and 18 per cent 
for the whole time. Supervoltage roentgen 
therapy did not bring about any improvement 
in this group. | 

Treatment must be strictly individualized in 
carcinoma of the external genitalia. The five 
year surviwals for the whole period average 
about 16 per cent and the ten year survivals 
almost the same.—//udrey G. Morgan. 


MISCELLANEOUS 


Hames, FRED. Accurate placement of radon 
seed by suture method. South, M. F., May, 
1941, 34, 462-464. 

In the ordinary methods of using radon seeds 
they tend to bunch together in a dependent 
part because of the heaviness of the gold. This 
may causes radiation necrofis of Bone. 

The author describes a method by which 
one to twenty radon seeds with gold walls 0.3 
mm. thick can be applied in one piece of ma- 
terial. The method cannot be used for radium. 
The material is a woven silk structure with 
openings I cm. apart for the seeds. As it is 
woven the opening closes after the seed is in- 
serted. Each piece of material is fitted with a 
small metal collar into which the needle is 
screwed so that the suture can be placed with- 
out having to pass it through the tissue 
doubled. After it is placed it is fastened at each 
end by crushing a hollow lead shot over a 
threaded glass bead. After the radiation has 
been given: the suture holding the seed can be 
removed as simply as removing a. capillary 
drain. The seed can be recovered by burning 
away the silk material. 


142 


~ The method is simple and easy to apply, it 
prevents radiation necrosis of bone, reduces 
secondary rays and makes the patient more 
comfortable, as he can empty his mouth and 
take food and drink.—udrey G. Morgan. 


Err, L. A. and Lawrence, J. H. Clinical 
studies with the aid of radio-phosphorus. III. 
The absorption and distribution of radio- 
phosphorus in the blood of, its excretion by, 
and its therapeutic effect on, patients with 
polycythemia. Ann. Int. Med., Aug., 1941, 
15, 276-290. 

Four robust workmen with recently healed 
fractures and 6 patients with polycythemia were 
examined to determine the amount of radio- 
phosphorus retained by various fractions of 
the blood, to determine the amount of P? 
excreted in the urine and feces of normal in- 
dividuals and patients, and to determine the 
effect on the blood and clinical findings of P? 
given for treatment. Tables are presented show- 
ing.the details of the results. 

Greater concentrations of P? are found in 
the blood and marrow when it is given intra- 
venously than when it is given orally. The 
amounts retained by the different fractions of 
the blood varied in different cases but ap- 
parently the phosphorus finally reaches the 
stroma after passing through the hemoglobin 
fraction. But in-general less than 1 per cent of 
the.P* retained by the red blood cells is found 
in the stroma: - 

The normal individuals excreted from 25 to 
50 per cent. of the P? during the six days follow- 
ing its adnfinistration, no matter how it was 
given. The patients excreted Jess in both urine 
and feces than the normal individuals. 

There was improvement in both the clinical 
and blood findings of the patients after the 
giving of thefapeutic doses of radiophosphorus. 
— Audrey G. Morgan. 


Err, L. A., Turre, L. W., and Lawrence, 

_ J. H. Clinical studies with the aid of radio- 
phosphorus. IV. The retention in blood, the 
excretion and the therapeutic effect of radio- 
phosphorus on patients with leukemia. Aan. 
Ini. Med., Sept., 1941, 75, 487-543. 


This article presents a study of 100 cases in 
which the rate of absorption and excretion of 
radiophosphorus is considered and its thera- 
peutic effect in patients with lymphatic and 
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a 
showing the details of the findings with[regard 
both to absorption and excretion and t the}a- 
peutic action. 

Radiophosphorus reaches nearly every cell ig 
the body and concentrates in cells with active 
rates of metabolism. It is retained in greater 
concentration by circulating leukemic cells 
than by normal circulating white blood cells. 
For the first forty-eight hours after it is given, 
normal individuals excrete radiophosphorus 
more rapidly than patients with leukemia NThe 


rates after forty-eight hours are about the WX 


same in the two groups of cases. Excretion 
goes on doubtless until all of the radiophos- 
phorus has been excreted. 

Radiophosphorus can be given in any way 
without damage to norma] tissues. In these 
cases it was given orally and intravenously. It 
is well tolerated by both animals and human 
beings, and does not cause radiation sickness. 
It seems to bring about a marked increase of 
appetite for a few hours after its administration. 

The authors found that the frequent admin- 
istration of small doses (0.5 to 2 mc.) of radio- 
phosphorus to patients with leukemia was 
better than larger doses at longer intervals. The 
results as shown by the tables are good enough 
to justify further use of the method. In 2 cases 
there was practically complete remission for 
two years, which is longer than has been re- 
ported with other methods of treatment. Both 
of these patients were still alive when the article 
was written. It is unfortunate that the lengths 
of partial and complete remission in all cases 
treated by various methods have not been 
recorded in the literature.—/udrey G. Morgan. 


K'o, Y. K., Tv, C. L., and Cuan, B. C. The 
effect of hard roentgen-rays on intestines of 
normal dogs fed on inorganic iron compounds. 
Surg., Gynec. EF Obst., Sept., 1941, 73, 333- 
340. 


ee e 
Most patients who come for treatment for 


gynecological cancer show moderate to severe 
anemia resulting from repeated hemorrhages. 
Inorganic iron compounds would be good freat- 
ment for such anemias, but it seemed possible 
that the secondary irradiation from the iron 
particles might injure the intestinal mucosa. 
Experiments were performed on dogs to de- * 


termine whether such was the case. The condi z* 


tions were made as nearly asqpossible like those 
in human beings. Normal dogs «e given ab- 


myeloid leukemia is shown. Tables are given dominal irradiation yp to a total dosWef 2,400 A 


other treatment. They did not show 
iNical symptoms or pathological lesions in 
Pu intestine at the end of treatment. 
Other dogs were given daily doses of ferrous 
Sülphate or ferric ammonium citrate during the 
irradiation. 

The giving of these drugs increased the hemo- 
globin content of the blood. Neither of the 
drugs caused any clinical signs of intoxication. 
Histological examination of the small intestine 
of Me dogs treated with ferrous sulphate 
S showed mild edema and congestion of the 
mucosa which disappeared completely in eight 
weeks. In the dogs treated with ferric am- 
monium citrate there was a greater degree of 
edema and large hemorrhagic areas in the mu- 
cosa. The severe hemorrhagic lesions persisted 
for more than eight weeks. 

The experiments show that ferrous sulphate 
is valuable in the treatment of anemia from 
chronic loss of blood and does not injure the 
small intestine if given during irradiation, 
while ferric ammonium citrate does irritate 
the intestinal mucosa and is not to be recom- 
mended.—Audrey G. Morgan. 





SPEERT, Hanorp. Cyclic changes in the mam- 


mary gland of the Rhesus monkey; prelim- . 


inary report. Surg., Gynec. E Obst., 1941, 73, 

398—390. 

Attempts have been made to study cyclic 
changes in the human mammary gland but they 
have met with considerable difficulty and the 
reports are contradictory. Such a study of the 
mammary gland of the rhesus monkey is easier 
as the gland is smaller and more uniform in 
structure. 

Histological study of biopsy specimens of 9 
monkeys at different stages of the menstrual 
cycle have shown that there are definite changes 
dependent on ovulation. The characteristic 
, changes are enlargement and increased vascu- 
*larity of the lobules beginning seven to ten 
days before menstruation, reaching their height 
at about the time of menstruation and regress- 
ing Slowly afterward. They occur only in the 
. cycles in which ovulation has taken place.— 
Audrey G. Morgan. 


Hoecker, Frank E. Evolution of the x-ray 
tube. South. M. F., March, 1941, 34, 280-284. 


The gradual development of the roentgen 
tube from fhe discharge tubes used by Roent- 


up to the Coolidge tube is described 
e 
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and illustrations given of types of tubes i in use 
from 1897 up to 1915. s a 
Physically a roentgen tube is an instrument 
which converts electrical energy into roentgen- 
ray energy when the charges, called cathode 
rays, strike a fixed object. In the earliest gas 
tube the charges were given off by a flat disc of 
metal enclosed in a partially evacuated glass 
bulb, and roentgen rays were produced when 
they struck the walls of the bulb. The images 
were fuzzy and blurred because of the large 
size of the source of the roentgen rays. The 
attempt to bring about greater clearness and 
detail and to produce tubes for therapeutic 
purposes led to increasing cooperation be- 
tween physician and physicist. The gas in the 
early tubes was a necessary evil. The problem 


was to get rid of the gas without eliminating 


the stream of electrons, which was the essence 
of the process of generating roentgen rays. But 
Edison in 1883 found that electrons are 
evaporated from the surface of a metal when it 
is heated to a high temperature. This fact was 
first utilized practically by Fleming in 1905 
when he nfade the first radio tube. In 1913 
Coolidge applied it to the roentgen tube by re- 
placing the concave cathode of the gas tube by 
a metal filament which could be heated by 
passing an electric current through. it. This 
eliminated all the disadvantages of the. gas tube 
and made it possible for designers of tubes to 
work out a multitude of special adaptations for 
specific purposes.— Audrey G. Morgan: | T 


Horwoop, F. L. The irradiation of liquids. 
Brit. 7. Radiol., July, 1940, 73, 221-226. 
& 


Since the discovery of neutron ‘and positron 
in 1932 and of the method of artificial produc- 
tion of radioactive substances the next year 
much interest has been shown in studying the 
possible applications of these discoveries to the 
treatment of disease. In this Silvanus Thomp- 
son Memorial Lecture the author discisses and 
demonstrates experiments in treating proteins, 
organic and inorganic colloids, electrolytes and 
water with neutrons. He found that the effect 
of neutrons on these substances was of the 
same nature as that of beta rays or gamma rays 
but that neutrons are more effective than the 
gamma radium rays. 

In irradiating solutions it wasefound that the 
primary action of the radiation is probably on 
the water rather than on the chentical com- 
pounds dissolved in it. If this proves true the 
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.activation of water in the human body by ir- 


radiation during treatment will be found to be 
a significant factor in the results of treatment 
and possibly the predominant one. 

It is possible that the chemical estimation of 
neutrohs may prove an alternative to more 
familiar methods. Curves are given showing 
the details of the findings discussed.—Audrey 
G. Morgan. | | 


Mayneorp, W. V. Energy absorption. Brit. F. 

Radiol., July, 1940, 73, 235-247. 

The author suggests that the effects of radia- 
tion depend, not so much on the dose at a 
particular point, as on the total energy ab- 
sorbed in the body as a whole and discusses 
possible ways of determining its value. He also 
discüsses .the relationship of the roentgen to 
energy measurements and suggests the develop- 
ment of a unit which will include the estima- 
tion of such quantities as the total energy ab- 
sorbed. The roentgen 1s known to be a measure 
of energy absorption in a given mass of air. He 


| suggests the use of the gm.-roentgen indicating . 


the energy conversion when a dose of 1 roent- 
gen is delivered to 1 gm. of air and refers to the 
quantity obtained by integrating the dose 


throughout a given volume or mass’ as the.” 


“integral dose" throughout that region. He 
works out the formulae for the calculation of 
the integral doses in gm.-roentgens. 

He says that at this stage little can be done 
except to^suggest further investigation but it 
seems feasible to measure ultraviolet light and 
long wave length roentgen-ray flux in the com- 
mon energyeunit. Such a measurement would 
have great biological and practical interest. 
Such a method of measurment should also be 
extended to visible and infra-red, radiation.— 
Audrey G. Morgan. 

Gray, L. Hs and Reap, Joux. The neutron 
emission from a generator operating at 300 
kV. B&iz. Y. Radiol., July, 1940, 77, 248-253. 
In a previous paper the authors described an 
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apparatus for the generation of neutro beams 
of sufficient intensity for biological mseaifth. 
The construction of the generator was sup-. 
ported by the British Empire Cancer Cam- 
paign. In this paper they describe three dif. 


ferent methods for measuring the neutron emi. ^ 


sion from this generator: (1) reduction to 
thermal neutrons and measurement of the 
radioactivity induced by these neutrons in 
rhodium; (2) measurement of the intensity of 
gamma rays emitted when the neutrd¥s..of 


thermal energy combine with protons to form N 


deuterium nuclei, and (3) measurement of the 
ionization produced by the fast neutron beam 
in air. u ; 

Tables are given showing the details of the 
results. They show that the agreement between 


‘the results of the three methods was satisfac- - 


tory. The output of the generator is at present 
equivalent to about 30 curies of radon and 
beryllium. The energy absorption in tissues at 
the nearest point to the target at which bio- 
logical material may be. placed is, under good 
working conditions, about equal to that due to 
2 r/min. of gamma radiation.—Audrey G. 
Morgan. 


Haprey, Frank. A portable “back-scatter 
phantom” for X-ray measurements. Brit. 7. 
Radiol., July, 1940, 73, 254. 


The portable back-scatter phantom de- 


scribed is used in conjunction with a Hammer - 


dosemeter for the measurement of roentgen- 
ray dosage. À photograph is given showing the 
method of setting up the apparatus for surface 
dose measurements. This apparatus was intro- 
duced to replace the water phantom previously 
used, as the latter was cumbersome and great 
care had to be taken to keep water out of the 


ionization chamber, while this phantom has . 


proved very light and easy to handle. The ma- 
terial used for producing back-scatter is mason- 
ite presswood which has.the same specifice 
gravity as water and similar scattering proper- 
ties.— Audrey G. Morgan: 
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MEDIASTINAL PLEURISY IN INFANTS* 
By ROGER A. HARVEY, M.D. * 


ROCHESTER, NEW YORK 


INTRODUCTION 


ARIATIONS in the contour of en- 

larged thymus gland shadows are so 
numerous that the significance of distinctly 
atypical shadows is frequently: overlooked. 
Pleurisy does occur in the anterior superior 
mediastinal area, and gives shadows similar 
to, but differing from, the thymus gland in 
many respects. Pleurisy involving the medi- 
astinal and adjacent visceral pleurae 1s usu- 
ally difficult to detect by physical signs 
and routine roentgen procedures. Most of 
the diagnostic difficulties can be accounted 
for by the depth and density of the medi- 
astinum, its normal variations in contour, 
and the variety of pathological processes 
which can occur within or adjacent to 1t. 


LITERATURE 


The roentgenological aspects of this form 
of pleurisy in infants have received little 
attention in the literature. The original ob- 
Servations were all reported in foreign 
journals, and include the reports of Pin- 
cherle® in 1925, Reyher? in 1928, Saupe’ in 
1933, Engel and Schall? in 1933, and Gef- 
ferth* in 1939. Shanks, Kerley and Twin- 
ing! in their recent English '""Text-Book of 
X-Ray Diagnosis" published in 1938 have 
referred to a previous report? for coverage 


of this subject in infants. Pertinent findings 
v 


in the foreign reports will be discussed later 
in this paper. This form of pleurisy has re- 
ceived little recognition in this country, and 
this is probably the result of (a) English 
abstracts of the original papers not includ- 
ing graphic material; (P) the low mortality 
assoclated with this form of pleurisy pre- 
venting postmortém confirmation of re- 
ports in the literature; (c) the lack of well 
known differential features between this 
type of pleurisy and thymus gland enlarge- 
ment, and (4) the poor roentgen technique 
in infant cases. 

The various forms of mediastinal pleu- 
risy with and without effusion which have 
been described in the literature have been 
assembled in diagrammatic forre in Figure 
1. All of these sites and forms are dupli- 
cated by many disease processes and struc- 
tural abnormalities. Area 2 is of greatest 
interest in this paper. Figure 2 shows some 
of the locations of these pleurisies and effu- 
sions in another plane at mid-chegt level. 
The contours are schematic, and can vary 
in amount and shape in different diseases 
and levels in the chest. 


PATHOLOGICAL ANATOMY 


The mediastinum separates the right and 
left pleural cavities and contains vital 
structures connecting with the neck and 


* From the Déparément of Radiology of the University of Rochester, School of Medicine and Dentistry, and the Siong Memorial 


, 9 ospital, Rochester, New York. 
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abdomen. It is covered laterally with 
` pleura which is continuous with costal and 
diaphragmatic pleurae. The sternum forms 
its anterior boundary, and the thoracic ver- 
tebral column forms its posterior boundary. 
Within the mediastinum are such struc- 
tures as the heart, great vessels, trachea, 
bronchi, esophagus, nerves, thymus gland, 
lymphatic trunks, and nodes. Chronic and 
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‘Fid.*t. Schematic drawing of the thorax showing the 
eseven areas of localization of mediastinal pleurisy 
reported in the literature. 


acute infections frequently involve many 
of these structures, and occasionally the 
limiting sfernum or spine. These infections 
may remain localized to one structure, 
spread to an adjacent one, or give rise to 
diffuse involvement of the mediastinal 
area—all with some possible degree of 
pleural involvement. Infections of the neck 
region®may extend downward to involve 
the mediastinum. Subdiaphragmatic infec- 


tion is sometimes associated with dia- 


phragmatic or mediastino-diaphragmatic 
pleurisy and adjacent pneumonitis. 
Infections within the lungs frequently 
give rise to associated processes in the ad- 
jacent visceral pleura, and in the bronchial 
and tracheóbronchial lymphatic systems. 
Thus; pleurisy involving the mediastinal 
and/or visceral pleurae can arise from 
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pathological changes within the lungs, 
within the mediastinum, within the lüngs 
and mediastinum simultaneously, or from 
primary processes in the neck or abdomgn 
with extension to the mediastinal area. 


Pa 


DIFFERENTIAL DIAGNOSIS 


Although the differential diagnosis in 


cases of suspected superior mediastinal 


pleurisy is mainly between pleuris and 
thymus gland enlargement, there are MAN 


other conditions which may be confused. 
Among these are: 


1, Partial atelectasis of the lung. 

2, Pneumonic infiltration: 

3. Stasis in the superior vena cava by pressure 

from an elevated bronchus. 

4. Enlarged hilar nodes. 

5. Infections of the thymus gland. 

6. Tumors of the thymus gland. 

7. Dilated left auricle. 

8. Retrocardial aneurysm. 

9. Paravertebral abscess. 
10. Spondylitis deformans. 
II, Esophageal diverticulum. 
12, Dilated esophagus. 
13. Scoliosis. 
14. Pericardial fat tab. 
15. Ganglioneuroma of the vagus nerve. 
16. Tumor of the pericardium. 


- 


- 


PRESENTATION OF CASES 


Case 1 illustrates unilateral thymus gland 
enlargement, and is included for compari- 
son, differentiation, and discussion. The re- 





Fic. 2.*Schematic drawing of a transection of the 
thorax at mid-chest level BA some of the 
possible localizations of mediqstifal pleurisy in 
this plane. " v ~ 
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maining 8 cases demonstrate forms of 


mediastinal pleurisy which have been en- 
countered in patients under one year of 
age. Although 7 of these cases were thought 
to show thymus gland enlargement, there 

many features in each case which would 


* contradict such a diagnosis. The group 1s 


presented to define further the thymus 
problem. 


*: 1. E. R. R. was a ten week old male 
ith a history of episodes of restlessness, hy- 
pertonicity, and irritability since birth. The 
physical findings were normal. Roentgenograms 
of the chest taken on October 28 and Novem- 
ber 6, 1940 (Fig. 3) revealed right-sided thymus 
gland enlargement. Deep roentgen therapy 
(100 r) was administered to the anterior medi- 
astinum on November 7 with the following fac- 
ors: 200 kv., 25 ma., 0.5 mm. Cu, 1:0 mm. Al, 
and 50 cm. target-skin distance. The thymus 
shadow was reported absent from roentgeno- 
grams taken one week and also three months 
after the treatment. The infant has remained 
asymptomatic since treatment. 


Case 11. M. M. was a six week old female 
who had received mineral oil orally and had had 
irritability, feeding difficulties, and cyanotic 
spells several times a day for three weeks. On 
admission to the hospital her temperature was 
normal, white blood count was 9,600, and tu- 
berculin skin test was negative. A chest roent- 
genogram taken on November 8, 1940 (Fig. 3) 
revealed pneumonia and an angular para- 
mediastinal density on the right side. She was 
given Ioo r of deep roentgen therapy to the 
anterior mediastinum on November 11, 1940. 
She was discharged from the hospital on No- 
vember 27 slightly improved, although a chest 
roentgenogram still showed a pneumonic con- 
solidation and the angular density. 

e This patient was seen many times in the 
clinic because of cough and noisy respirations 
during the following two months, and she was 
readgiitted to the hospital on March 6, 1941, 
with a flare-up of the pneumonic process. The 
patient was given another 100 r of deep roent- 
gen therapy to the anterior mediastinum on 
March 24, 1941. The pneumonic process gradu- 
ally disappeared but there has been no sig- 
nificant change in the right paramediastinal 
angular shagbw ae judged by roentgenograms 
taken on Marc 27, April 4, May 29, and Oc- 
sober 21, 1941. Repeated qutures have revealed 
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no “causative” organisms, and a chronic 
pneumonitis on a lipoid aspiration basis is” 
thought to explain the pneumonic processes. 


Case ul. L. S., a male infant, was normal fer 
the first two months of life. He was then ad- 
mitted to another hospital in the city with signs 
of an upper respiratory infection, white blood 
count of 15,000, slight fever, and a negative 
tuberculin skin test. A roentgenogram of the 
chest was interpreted as congenital atelectasis 
of part of the right upper lung with reaction 
about the area. He was discharged from the 
hospital after ten days but returned to that 
clinic for the next month because of persistent 
cough. He was then taken go another institution 
where another chest roentgenogram was also 
interpreted as atelectasis. 

Three months later he was first seen in this 
clinic with a history of chronic cough, and a 
more recent complaint of wheezing and grunt- 
ing respirations during feeding. There had been 
no recognized fever or cyanosis since the origi- 
nal episode. Physical examination revealed 
dullness anteriorly to the right of the medi- 
astinal bordér but no change in breath sounds. 
A chest roentgenogram taken on February 19, 
1941 (Fig. 4) closely resembled those previously 
taken elsewhere. The patient was admitted to 
this hospital on February 22 with vomiting, 
diarrhea, a temperature of 39? C., white blood 
count of 14,200, and a negative tuberculin skin 
test. À chest roentgenogram taken on February 
24 showed no change from the previous one. 
The patient remained a diagnostic problem, but 
was discharged from the hospital on March 1, 
1941. He was brought bach, severgl times be- 
cause of a fever and cough, and subsequent 
chest roentgenograms have revealed a gradual 
alteration in the shape and a final disappear- 
ance of the paramediastinal shadow previously 
observed. 

The patient was readmitted io the hospital 
on May 21, 1941, with signs of right upper lobe 
pneumonia, white blood count of 21,000, and 
Tvpe vr pneumococci in the gastric washings. 
Sulfathiazol was effective in combatting the 
pneumonia, and he was discharged from the 
hospital on September 12, 1941. 

Recently he has received an autogenous vac- 
cine from his nasopharyngeal flora, and has 
been found allergic to chocolate, A bronchial 
asthma is thought to exist. 


Case tv. W. R. was a normal male infant at 
birth, and he was well for three weeks. At that 
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Case I] s 


pb. 5 f. G asd I. An anteroposterior view of the chest showing right-sided E mic enlargement which extends , 
blow the right interlobar fissure to cap the upper cardiac shadow. B, Case 1. A lateral view showing in- 
crease In density in the superoanterior portion of the chest, and posterior deviation of the i Wie shadow 
which was persistent during roentgenoscopy and is accentuated here by the respiratory®phase. 


Comment :Subsequent examinations following roentgen therapy to the agterior mediastinum reveal , 
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time he developed pneumonia in the left lung, 
and'evas admitted to the hospital on February 
12, 1941, in an acutely ill state. His temperature 
was 38.3? C., white blood count was 36,000, and 
the tubekulin skin test was negative. Roent- 


— of the chest revealed a left central 
p! 


imonia and emphysematous changes in the 
upper and lower left lung areas (Fig. 5). Sul- 
fathiazol had little effect. Roentgenograms of 
the chest during the next month showed very 
little change, bronchoscopy revealed “extrinsic 
"sure on the left bronchus as from adjacent 


e atelectasis,” and lung puncture cultures showed 


Staphylococcus aureus haemolyticus. Vhe patient 
developed a small left hydrothorax, but about 
five weeks after admission, the pneumonic 
process appeared slightly less in extent. March 
31, 1941, deep roentgen therapy, 100 r, was 
given to the left anterior chest, and 150 r was 


we to the left posterior chest on April 1, 


41. On April 2 he coughed up several mouth- 
fuls of foul smelling green pus, and from this 
point on the left lung rapidly cleared except for 
the emphysematous changes. He did well for 
the next four months but then developed per- 
sistent cough. A roentgenogram of the chest 
taken on September 12, 1941, revealed a new 
triangular area of density along the right medi- 
astinal border, and a persistence of emphysema- 
tous areas in the left lung. He was next seen on 
October 1941, with more cough. A roent- 
genogram of the chest showed a decrease in the 
size of the angular density and considerable in- 
crease in the prominence of the pulmonic mark- 
ings around that area. 


e) ^y 


do 49 


Case v. D. W. was a male infant, two months 
old when he was admitted to the hospital with 
jaundice. A routine chest roentgenogram re- 
vealed a patchy increase in markings in the 
right upper lung field. Rotation in positioning 
was so extreme that the mediastinal area could 
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not be satisfactorily studied. The tuberculin 
skin test was negative. The jaundice cleareds 
gradually, and the patient was discharged three 
weeks after admission. 

Three months later he was readmitted to the 
hospital with persistent cough and difficult 
breathing. Physical examination was not re- 
markable. The white blood count was 24,000, 
tuberculin skin test was negative, and a chest 
roentgenogram showed an angular shadow ex- 
tending laterally from the right border ofthe 
mediastinum and pneumonic changes in the left 
lung (Fig. 5). Cultures showed a Type xii 
pneumococcus. He improved with sympto- 
matic treatment and was discharged from the 
hospital after ten days *with his cough still 
present. 

One month later he was seen in the clinic 
with a history of severe cough since discharge 
from the hospital. Another roentgenogram of 
the chest showed little change from the previous 
one. 

The cough gradually decreased during the 
next five months. Roentgenoscopy of the chest 
at this timegevealed the angular shadow to be 
considerably smaller. 


Case vi. M. R. was born prematurely, grew 
satisfactorily for more than five months, and 
had had mineral oil administered orally for sev- 
eral weeks. She was admitted to the hospital 
as a feeding problem. Physical examination re- 
vealed a pneumonic process in the right upper 
lung, and a slight fever. The white blood count 
was 12,000, tuberculin skin test was negative, 
and a roentgenogram of the chest taken on 
September 29, 1941, revealed pneugnonia in the 
right upper lung field and an angular density 
along the right upper mediastinal border (Fig. 
6). Cultures revealed no “causative” organisms. 
The pneumonic signs cleared rapidly. A roent- 
genogram of the chest taken on djscharge from 





e 3 
absence of the angular shadow in the anteroposterior view, and a return of normal radiolucency in the 
superoanterior portion of the chest in the lateral view. The tracheal shadow appeared straight in the lateral 
vidWs. 

Case 11. 4, An anteroposterior view of the chest showing pneumonic densities in the right upper and lower 
lung fields, an angular density extending laterally from the mediastinum and limited inferiorly at the inter- 
lobar fissure region, and tracheal shift to the right. 

B, lateral view showing a slight radiolucency beneath the sternum area, and an anterosuperior medi- 
astinal chest density limited sharply at the interlobar fissure inferiorly. 

C, posteroanterior view showing the angular density, persistence of increased lung markings, and tracheal 
deviations g the sight. 

D (right font 10-21-41), posteroanterior view showing a persistence of the angular density in spite of 

PES previously administered deep roentgen therapy treatments. 
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Fic. 4. Case 1m1. 4, posteroanterior view of the chest showing tracheal deviation to the gight, an angular 
paramediastinal shadow on the right with sharp inferior limitation at the interlobar fissure, and Increased 
lung markings. . i 
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the hospital on October 9, 1941, revealed clear- 
ing*ef the lung fields, but persistence of the right 
paramediastinal density. She was readmitted 
to the hospital on December 30, 1941, with a re- 
Currence@f the pneumonia in the same area of 

e lung, but the right paramediastinal density 
noted in the previous examination was no longer 
visible. Cultures again failed to reveal a "'causa- 
tive" organism. The pneumonic process has 
shown little tendency to subside during the past 
five weeks, and lipoid pneumonitis 1s suspected. 


Case vir. J. R., a six month old male mon- 
golian idiot, was admitted to the hospital on 
February 13, 1939, with measles and broncho- 
pneumonia from which he recovered. He was 
discharged from the hospital on March 12, 
1939. He was readmitted to the hospital during 
the next year with Type xvii pneumonia on 
one admission, and Type xix pneumonia on 


mother admission. On March 8, 1940, he was 


admitted with a Type Iv pneumococcal in- 
volvement of the left lower lobe of the lung. 
Roentgenograms also showed widening of the 
mediastinal shadow, and irregularity of both 
superior mediastinal borders which was thought 
to be due to effusion localized in this area (Fig. 
6). Subsequent roentgenograms on March 11, 
1920, showed a clearing of the pneumonic 
process and alteration in the configuration of 
the mediastinal shadow. The patient succumbed 
several months later from further pneumonic 
processes. An autopsy was refused. 


Case vu. M. C. was born prematurely but 
grew normally for two months. Suddenly she 
developed a cough, fever, vomiting, and on the 
second day severe respiratory distress occurred. 
She was admitted to the hospital in a moribund 
condition, with a temperature of 36.5° C., a 
white blood count of 41,000, hemoglobin of 7.9 
grams, an enlarged heart, and signs of pneu- 
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monia at the left lung base. A chest roentgeno- 
gram showed an enormous increase in the hearts 
shadow, an angular density projecting laterally 
from the right mediastinum into the interlobar 
fissure, and increased lung markings in the left 
lung (Fig. 6). She was started on sulfathiazol 
and nasal oxygen, but died seven hours after 
admission. 

The autopsy revealed a small amount of 
clear amber fluid within the abdominal cavity, 
1§ cc. of clear amber fluid within the peri- 
cardial sac, a $5 gram heart, moderate hyper- 
trophy of the myocardium, marked thickening 
of the endocardium, numerous fibrous adhesions 
along the middle and lower right mediastinal 
pleural border, fibrous adhesions in the central 
portion of the right interlobar fissure, and mild 
pulmonary congestion. Microscopic study 
showed fibrous thickening of the endocardium, 
numerous lymphocytes in the region of the 
pleural adhesions, and pulmonary congestion. 
Chemical studies failed to establish glycogen 
storage disease. 


Case ix. M. M., a two month old male in- 
veloped an ear infection which required a six 
day hospitalization. He remained free from 
symptoms for three weeks, and was then read- 
mitted to the hospital on March 6, 1939, with 
fever, a white blood count of 15,300, physical 
and roentgenographic signs of pneumonia with 
Type xxii pneumococci in the sputum, and a 
negative tuberculin skin test. He became afe- 
brile with sulfapyridine therapy. The patient 
received 100 r of deep roentgen therapy to the 
anterior mediastinum on March 14, 1939, for 
suspected concurrent right, thyngus enlarge- 
ment, and was discharged from the hospital 
free of symptoms on March 17, 1939. 

For the next seven months he was followed 
in another clinic for asthma, the chief symptom 
being wheezing at night. He was peadmitted to 


B, oblique view showing the anterior position of the paramediastinal density. Note the relation to the 


interlobar fissure. 


€, posteroanterior view showing change in shape of the density and persistence of increased markings. 
D, posteroanterior view showing further alteration in the shape of the density, and increased lung mark- 
ings particularly in the central region. Note inferior angle of the density and its relation to the medial 


portion of the interlobar fissure. 


E, posteroanterior view showing a pneumonic process in the right upper lung field, absence of the 
previously described angular density, and increase in density of the interlobar fissure. 
F, posteroanterior view showing bilateral increase in central lung markings, and confinued absence 


the angularmedensy y. 


Comment: The course of this case and the illustrations closely resemble a case of itgaendanelile thymus 


e 33 ^ p 
gland enlargment” presented by Gerstenberger.? 
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hic. 5. Case 1v. Æ, posteroanterior view of the chest showing pneumonic and emphysematdftis changes in the 
left lung field. e a 9 | 
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the Rospital with fever, white blood count of 
10,380, roentgenographic signs of left upper 
lobe pneunfonia, and the persistence of right- 
sided angflar paramediastinal density. Type 
XXir. pne@mococci were numerous in the cul- 
— Sulfapyridine therapy was effective in 


conMmatting the pneumonia. 


Figure 7 is a schematic representation of 
the various configurations of the pleurisies 
presenéed by the preceding cases. 

- 
DISCUSSION 

Although onlv one of these cases pre- 
sented as illustrations of mediastinal pleu- 

-risy has had a postmortem examination, 
they all closely resemble proved cases pre- 
sented bv other authors. This form of 
pleurisy has been encountered exclusively 


“e young children. Pincherle® has reported 


finding 30 cases of mediastinal pleurisy in 
2,000 routine roentgen chest examinations 
in young children, or an incidence of 1.5 
per cent. The cases described in this paper 
and 2 more recently observed would sug- 
gest a similar low incidence here. 
Clinically there is no single or group of 
symptoms that would permit a definite 
diagnosis of mediastinal pleurisy, even with 
effusion, without a roentgenogram of the 
chest. Cough is the most common symp- 
tom, 6 of the 8 cases reported here having 
had a history of prolonged cough. Usually 
these cases are pneumonic in origin, fre- 
quently showing recurrences of pneumonic 
infection, and some cases being more spe- 
cifically designated as "pleuropneumonia."? 
The pneumonic recurrences affect the re- 
lated lobes of the lung more often than 
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lobes on the opposite side of the medias- 
tinum from the original pleurisy. Ffve of ° 
the cases just reviewed had several recog- 
nized pneumonic episodes, 2 cases had a 
single known pneumonia simultaneously 
with or prior to the appearance of the 
pleural process, and 1 case had no known 
pneumonic history. Physical findings are 
usually related to the pneumonic processes 
rather than to the pleurisy or effusion. In 
Case 111, definite widening of tle anterior 
mediastinum was detected by percussion, 
and this is the only case in this group in 
which variation in mediastinal size or con- 
tour was suspected prior to roentgenogra- 
phy. Mineral oil had been administered 
orally to 2 of the cases in this series, and the 
lung changes in Case 11 and Case vi were 
thought to be due to lipoid pneumonitis. 
The tuberculin skin test was repeatedly 
negative in all of the cases in this series. 

The course of these cases is relatively 
benign as evidenced by the low mortality 
in this series to date. The 2 deaths so far 
in this group of 8 cases give an inaccurate 
mortality rate of 25 per cent, because Case 
viri died of cardiac disease primarily, and 
Case vil was complicated by mongolian 
idiocy. Revher? reported 1 death in 26 
cases of mediastinal pleuritis. His fatal case 
was a three month old infant, and the 
process was tuberculous. 

The treatment of these cases has been 
symptomatic except for the pnetimonic re- 
currences which have had sulfonamide 
therapy. Diagnostic or therapeutic aspira- 
tion of possible fluid present has been sug- 
gested, but this was not resorted to in any 
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R, posteroanterior view showing the degree of clearing of the left lung field, persistence of emphysema, 
and the appearance of a new triangular density along the right mediastinal border. 
C, lateral view showing the anterior distribution of the previously noted density, and its sharp inferior 


limitation at the interlobar fissure. 


D, posteroanterior view showing reaction in the previously noted area of angular density. 


Case v. 4, anteroposterior view of the chest with some rotation. The angular density off the right 
mediastinal border is continuous inferiorl& with the interlobar fissure. Pneumonia is present in the left 


lung field. $ ° 


B, lateral vigw showing the anterior location of unusual density, its sharp inferior border, and its de- 


e creasing intensity superiorly. 
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Fic. 6. C oh vi. Æ, posteroanterior view of the chest showing pneumonia in the right lung held, and a right 
paramediastinal density associated inferiorly with the interlobar fissure. B, posteroanterior view showing 
. - . . . ^ . . [I 
clearing of the pneumonia and slight change in the contour of the paramediastinal density. 
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of thtse cases. Therapeutic drainage would 
be iff ordef in the presence of empyema. 
Roentgen fherapy directed to the anterior 
mediastinfim has not permanently altered 
the appefrance, or significantly shortened 
the.cgurse of the disease in the 2 cases in 
» which it was tried (Cases 11 and Ix). 

The pathological changes occurring in 
this type of case have common findings, as 
judged. by recorded autopsy findings.” 
When fluid is present it is serofibrinous, and 
e the associated pleurisv 1s of fibrinous or 
fibrous character which serves to localize 
“the fluid. A residual thickened pleura per- 
ists for an undetermined time after dis- 
appearance of the fluid. Bigler' has reported 
finding fibrous adhesions frequently along 
the mediastinal pleura at autopsy on chil- 
* Ven without previously recognized pleurisy 
from the clinical standpoint. In general, the 
predominance of right-sided lesions has 
been explained by the larger number and 
immediate subpleural location of the right 
tracheobronchial and bronchial lymph 
nodes as contrasted with the fewer and 
deeper placed nodes on the left side. Of all 
the infections which could involve these 
anterior nodes, tuberculosis is apparently 
rare. Buckley? examined 115 tuberculous 
cases with known mediastinal involvement 
and found only 2 cases with evidence of this 
infection in the anterior group of nodes. 

Bacteriologically, the following organ- 
isms were recovered from the sputum, gas- 
tric washings, or lung punctures during the 
acute pneumonic stages in 5 of the cases 
reported in this paper: 
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Type vi pneumococcus (1 patient) 

Type xii1 pneumococcus (1 patient) . 

Types iv, xvii, and xix pneumococcus, a 
different single type being recovered during 
each separate illness (1 patient). 

Type xxir pneumococcus recovered during 
two separate illnesses (1 patient). 

Staphylococcus aureus haemolyticus (1 pa- 
tient) 


Of the remaining 3 cases, 2 failed to show 
“causative” organisms, and the pneu- 
monic processes were thought to be due to 
lipoid aspiration; the third never had a 
known pneumonic infection. 

Postmortem cultures ef fluid present are 
reported to be sterile, except when pneumo- 
coccal, staphylococcal, or tuberculous em- 
pyema occurs, the latter being found more 
frequently in older patients. 

The roentgen recognition of this form 
of pleurisy is important, but the criteria 
which are used to distinguish it from uni- 
lateral thymus gland enlargement are not 
generally known. This form of mediastinal 
pleurisy with or without effusion is charac- 
terized bv or associated with: 


1. A sharp lateral margin. 

2. Ends in an inferior angle of less than 90° 

and in relation with or near the interlobar 

fissure. 

Usually unilateral and more often present 

on the right side than on the left side. 

4. Frequent inflammatory changes in the 
adjacent lung parenchyma. 

c. Increase in the width and density of the 
interlobar fissure shadow. 

6. Greatest density is inferior in the lateral 
projectibn. 


, 
-— 
. 





e Case vii. 4, anteroposterior view of the chest showing pneumonia in the left lung field, bilateral widening 
of the superior mediastinal shadow, and a double angular contour of the left border of the medi®stinum. 
B, anteroposterior view showing decrease in the pneumonic process, and a change in contour of the left 


mediastinal border. 


Case virt. Æ, posteroanterior view of the chest showing enormous cardiac enlargement, increased markings 
in the left lung field, and a small angular density extending from the mediastinal area laterally into the 


interlobar fissure. 


Case 1x, 4, lateral view of the chest showing a sharply marginated density in the superior and antero- 
medial aspect of the chest. Note the clear space in the retrosternal area. 2 

Comment: 'The remainder of the roentgenograms of this case are not reproducible at this*time, but the 
posteroanterior views do show a right sided angular paramediastinal density similar to CaseMi (C) in 


Figure 3. * 
E 
LÀ 
LI 








Ar 


lic. 7. A schematic representation of the areas of 


/ 
pleurisy 


Drawinge 


* 
—, * 
0 


uy Saw fee f PS 
v v ch wo. X 


~ 


m 
—" 


o 
— 
P, 


— | 


JA 


Roger A. Harvev 


N 


O 





demonstrated in Cases 1 through Ix. 


Case 


L1 
B 
III 
111 
LE 
VI 


lEEBRUARY, 


1943. 


wT " 
& 
L| 
we 
e 
e 
- e 
& 


: | 
VU : 


“e 


Vor. 49, No. a4 


7.'The density may be anywhere between 
* the agterior and posterior boundaries of 
the pural space in the lateral projection. 
8. No tffacheal deviation or distortion in the 
latefal projections. Persistent lateral de- 
viation to the affected side in the postero- 
wefinterior views in 2 cases in this series. 
9. Minimal changes in the size and contour 
of the density during quiet or labored 
respiration. l 
10. No significant reduction in size after 
small doses of roentgen therapy. 


In contrast to the preceding criteria, sig- 


Seams thymus gland enlargement is char- 


cterized by: 


1. A larger shadow which overlaps part of 
the cardiac shadow. 

2. Rounded corners, usually 90° or more. 

V4. Considerable change in contour with 
respiration and crying. 

4. More often bilateral, although asym- 
metries and unilateral forms are well 
known. 

5. Variable degrees of tracheal and esopha- 
geal deviation or compression in one or 
both planes. This point is still widely 
disputed in the literature. 

6. Always anterior and superior in lateral 
projections. 

7. Decreases in size after small doses of 
roentgen therapy. 


It is possible to have both pleurisy and 
thymus gland enlargement simultaneously. 
Improvement in symptoms following a 
roentgen treatment without evidence of 
much reduction in the angular shadow 1s 
possible in that thymus tissue present and 
obscured by the pleural density could be 
reduced so as to allow shift or redistribution 
of any fluid present. Occasional reports of 
roentgen resistant thymus glands should be 
checked for possible misinterpretations of 
the findings. 

The greatest source of error arises from 
poor positioning or alignment in roent- 
genography. Slight rotation of the patient 
may completely obscure portions of the 
mediastinal border. Low positioning of the 
tube accentuates these angular deformities 


apd in 2 of thése cases, the residual thick- 
e 
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ened pleura cast a solid triangular shadow 
from this angle. Correct alignment in these 
same cases showed only linear shadows 
representing thickened pleura in the cen- 
tral interlobar fissure area. This thickening 
was a residual characteristic of all the 
cases which cleared of their major density 
during the period of observation. 


CONCLUSIONS 


I. Atypical appearing thymus gland 
shadows and cases of so-called roentgen re- 
sistant thymus gland should be reappraised 
with mediastinal pleurigy foremost in the 
differential considerations. 

2. Mediastinal pleurisy is found in I to 2 
per cent of routine roentgen chest examina- 
tions in children under one year of age. 

3. Infants having prolonged, atypical, or 
repeated pneumonic symptoms should be 
examined for the existence of mediastinal 
pleurisy. 

4. Pleurisy of this form was associated 
with pneumococcal infections of the lungs 
in four cases in this series, and with sus- 
pected lipoid pneumonitis in two cases. 
Frequent recurrences of pneumonic infec- 
tlon were noted. 

g. Treatment of the cases reported was 
symptomatic except for specific therapy of 
the initial or recurrent pneumonic proc- 
esses. 

6. Diagnostic or therapeutic aspiration 
for any fluid present was not attempted in 
this series. 

7. Roentgen therapy directed to the 
mediastinal area in two cases did not 
shorten the course of the process. 

8. Residual linear pleural thickening in 
the central interlobar fissure regi8n was 
noted after clearing of the pleurisy, and it 
appeared as a solid triangle when poor 
alignment occurred in roentgenography. 


'The author wishes to express his gratitude to Dr. 
Stafford Warren, Dr. George H. Ramsey, Dr. An- 
drew Dowdy, Dr. Joseph Green, Dr. Sidney Larson, 
Dr. John MacMillan, and Dr. A. Gordon Ide for 
advice, assistance, and discussion of the various 
diagnostic problems presented by these cases; also 
to Dr. Dowdy for giving roentgen therapy to two of 
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these cases; and to the Department of Pediatrics for 5. GERsTENBERGER, H. J. The factor of the position 
e its cooperation and interest in this study. of the diaphragm in roentgen-rafy diagnefsis of 
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STUDY OF THE *WIDENED" MEDIASTINUM IN 
ILDREN AND PITFALLS IN DIAGNOSIS* 


: By A. V. SHAPIRO, M.D., and LEO BELL, M.D. 


NEW YORK, NEW YORK 


* INTRODUCTION 


" 






. 
THE investigation of which this paper is 
the result grew out of the realization 
that a number of infants and children were 
being kept as patients at this institution 
solely because of roentgenographic evi- 
dences of “widened mediastinum” or '*en- 
arged" mediastinal and tracheobronchial 
ph nodes. In some cases, the children 
been hospitalized for one to three years 
(Cases 1, 11, 111) with no evidence of active 
tuberculous involvement of the lung paren- 
‘chyma, with negative sputa, negative gas- 
trointestinal examinations and no further 
clinical evidence of disease other than a 
positive tuberculin reaction, which 1s repre- 
sentative of a healed as well as an active in- 


: fection. Some of the patients previously had 


had definite clinical and roentgenographic 
evidence of pulmonary tuberculosis but, 
long after the parenchymal lesion had com- 
pletely resolved, discharge from the hospi- 
tal was delayed because of apparent tuber- 
culous mediastinal lymphadenitis. 

During this period, the children had been 
roentgenographed in the horizontal posi- 
tion, a practice which is still prevalent in 
most institutions. The probable reason for 
the extensive use of this faulty technique 
is that it is apparently easier to place an 


infant or small child on the table on top of. 


the cassette, and then make an exposure. 
Hor the past seven years, however, the 
senior author had been roentgenographing 
the chests of all infants and children at 
another institution in the upright position, 
and during this time, had often had occa- 
sion to note the marked variation in the 
width of the mediastinal shadow when 


* films taken in the horizontal and upright 


.positions were compared. Because of this 
experience, upright chest roentgenography 


was instituted as a routine procedure in 
the Pediatric Pavilion at Sea View Hospi- 
tal. 

As a result, a considerable number of 
children have been discharged because of 
sudden restitution of the mediastinal 
shadow to normal. It must be emphasized 
that this return to the normal of the medi- 
astinum occurred, not by’ virtue of healing 
or shrinkage of enlarged mediastinal or 
paratracheal nodes, but solely because of 
an altered or improved technique of roent- 
genographic examination. 

Although the work herein described has 
been primarily in the field of "initial in- 
fection" or "childhood" tuberculosis, the 
subject has a very much wider application. 
Indeed, it is our feeling that the iriterpreta- 
tion of any chest roentgenogram of the 
infant or young child is subject to grave 
error unless the film has been taken accord- 


ing to a correct technique and unless the. 


various factors that may alter the size and 
appearance of the heart and mediastinal 
shadow are fundamentally understood. 
What these several factors are will be 
brought out and elaborated upon in the 
*body of this communicatfon, under the 
head of “Discussion.” 

The proper interpretation of what con- 
stitutes a notmal mediastinal shadow on 
the roentgenogram has long been the sub- 
ject of much discussion and investigation. 
Krause!® in 1924 wrote, "Enlargement of 
the mediastinum or chronic mediastinitis 
runs through x-ray reports, especially those 
of children's examinations, like a song, with 
a monotony that makes one wonder 
whether mediastinal changes are not the 
normal in the young." The reason for this 
statement and for the confusion it depicts 
is that most chest films are made in the 
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horizontal position. If children’s chests 


* were routinely roentgenographed in the 


upright position, there would be no occa- 
sion for a statement of this character. The 
interpretation of what constitutes a normal 
mediastinum would then be no more diff- 
cult in children than in adults. 

The technique of upright roentgenog- 
raphy in infants and children is by no 
means a new concept, though it has never 
been generally adopted. Remer and Bel- 
den, as far back as 1927, employed this 
technique but in their method it was neces- 
sary for both the patient and cassette to be 
held by an attendant. It often requires a 
high degree of acrobatic skill to hold an 
uncooperative crying child or infant prop- 
erly, without having to hold both cassette 
and patient. Pancoast and Pendergrass” 
later devised a chair with a built-in cassette 
holder which in principle is not unlike our 
device. This was an adaptation of their 
encephalographic technique and was em- 
ployed by them chiefly for roentgenog- 
raphy of the neck and thymus. In 1931, 
one of us (A.V.S.) had occasion to see at 
the Willard Parker Hospital, a cassette 
. holder for upright chest roentgenography 
built by Kohn and Koiransky,® and it was 
this apparatus which served as a model for 
the modified and improved device which 
we built. The device will be described later 
but it may be said at this point that with 
it, all irffants “and children, including the 
newborn, can be roentgenographed with 
much greater ease in the upright'than in the 


horizontal position. Wood?8*also described - 


a "frame,for holding infants upright" in 
1934, Which serves essentially the same 
purpese. Án apparatus for upright roent- 
genography has also been described by 
Engel and Schall.$ 

Although roentgenologists and pedia- 
tricians alike are generally cognizant of 
the differences in the size of the heart and 
mediastinum that exist with upright and 
horizontalroentgenography, in many cases 
the knowledge is of an academic rather 
than practical character, since horizontal 
chest roentgenography for children is still 
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carried out in most institutions. In discuss- 
ing the matter with several fexpertenced 





made at the same time but with the two” 
different techniques (upright and horizon- 
tal). 

It is almost superfluous to point out the 
great benefits to both the patient and the 
hospital if the period of hospitalization cans 
be significantly reduced. This applies par- 
ticularly to institutions for the care o 
tuberculous children, because such ca 
are often kept for several years. As regards 
the patient, once having arrested his dis- 
ease, he is best out of the hospital since he 
is unquestionably less subject to fureher j 
exposure and leads a more normal life in a 
home environment that harbors no open 
case of tuberculosis. With hospital budgets 
strained as they are and with long lists of 
patients waiting for admission, the ad- 
vantages for the hospital in reducing the 
period of institutional care are obvious. 

In institutions for the hospitalization of 
tuberculous children, their stay will with- 
out doubt be shortened if the mediastinum 
appears normal rather than widened due to 
faulty technique. In general hospitals not 
limited to tuberculosis, the avoidance of 
incrorrect diagnoses by adoption of an up- 
right technique is too advantageous to 
require extended comment. 


ANATOMY 


Generally speaking, the anatomy of the 
mediastinum is fairly well known to most of ys, 
especially as it appears on the roentgenogram. 
However, the appearance of the mediastinal 
shadow may undergo marked variation, de- 
pending on the technique and manner in which 
the roentgenograms are taken. In order to 
understand the reason for this and to better ap- 
preciate its importance and application to the, 
interpretation of children’s chest roentgeno-. 
grams, it is worth while reviewing the anatomy 
of the mediastinum. 

The mediastinum lies between the two pleural 
sacs and is bounded anteriorly by = sterngim | 


Oe 


j 
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and pésteriorly by the vertebral column. It is 
then ssubdivfded into the superior, anterior, 
middle and [posterior mediastinum, the con- 
tents of eagh being:® 
«. The superior, bounded by the sternum 
neri the first four thoracic vertebrae 
eriorly, laterally by the mediastinal 
pleurae, and below by an imaginary line 
drawn from the inferior border of the 
fourth thoracic vertebra to the inferior 
border of the sternum, its contents being 
the aortic arch and its three great branches 
the innominate veins and part of the 
superior vena cava, trachea, esophagus, 
thoracic duct, phrenic, vagi and cardiac 
nerves, the thymus, and left recurrent 
NE 
2. The middle, containing the heart, peri- 
cardium, phrenic nerves and associated 
vessels. 
3* The anterior, containing fibro-areolar tis- 
sue which lies between the pericardium 
and sternum and the lymph glands. 
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Diagram : Lymph nodes of the ttacheobronchial tree. (Suksennikew.) 
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4. The posterior, bounded by the pericardium 
and vertical portion of the diaphragm, 
anteriorly; posteriorly, by the last eight 
thoracic vertebrae;. and laterally, by 
the mediastinal pleurae containing the 
descending thoracic aorta, intercostal 
branches, azygos, hemiazygos, and acces- 
+ , e 
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sory hemiazygos veins, thoracic duct, 
esophagus and the two vagi. s 
Roentgenographically, the mediastinal and 
heart shadow borders are also known. The right 
border ordinarily is formed by the right auricle 
below, ascending arch of aorta, the superior 
vena cava and innominate vein (when dis- 
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Fic. 2. Left sagittal section of infant thorax. 


tended as in the horizontal position). The left 
border from below upward is formed by the left 
ventricle, left auricular appendage, the pul- 
monic conus and the aortic knob. According to 
Margolies,!® the left border of the supra-aortic 
portion of the superior mediastinum is formed 
by the soft tissue shadows of the left common 
carotid and subclavian arteries. 

The trachea lies in the midline and bi- 
furcates at the level between the third and fifth 
dorsal vertebrae. The aorta liegin the middle of 
the mediastinum and it passes upwards and 
turns backwards, passing down behind the 
heart. The shadow of the thymus is triangular, 
its base overlapping the base of the heart, es- 
pecially the auricles. The mediastjnal lymph 
glands lie along the trachea, paratracheally and: 
along its bifurcation (Fig. x). Bigler,?in hig care- 
ful dissection of the lung, found that lymph 
nodes were present in every hilum, the larger 
nodes at the hila and the smaller towards the 
periphery. He coricluded that the normal nodes 
do not cast shadows on the roentgenogram and 
that nodes in the hilum or in intrapulmonary 
tissue, caseous or inflammatory, cannot be 
recognized if they do not contain caleium, or are 
large enough to encroach on the pulmonary 
fields, or are embedded in air-bearing paren- 
chyma, the contrast of which renders them 
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visible. In relation to the sagittal diameter of 
the chest, the trachea, its glands, the veins 
(superior vena cava and azygos group) and the 
branches of the aorta in this area lie closer to 
the anterior surface of the body than to the 
posterior. This is illustrated in Figure 2, and the 
anterior position of these structures has an im- 
portant bearing on the roentgenographic tech- 
nique adopted, as will be brought out later. 


METHOD 


The precedure adopted in this study was 
as follows: 25 patients ranging in age from 
newborn to eleven years were selected and 
10 of these had eight successive roentgeno- 
grams taken in the following positions: 


1. Anteroposterior horizontal, at end of 


expiration 

2. Anteroposterior horizontal, at end of 
inspiration 

3. Posteroanterior horizontal, at end of 
expiration 

4. Posteroanterior horizontal, at end of 
inspiration 

s. Anteroposterior upright, at end of ex- 
piration 

6. Anteroposterior upright, at end of 
inspiration 

7. Posteroanterior upright, at end of 
expiration 

8 Posteroanterior upright, at end of 
inspiration 


In the remaining 15, films only in the 
upright *and "horizontal posteroanterior 
positions, in the same phase of respiration, 
were taken. All films were taken at 36 inch 
distance and 1/30 second exposure, only 
the voltage being varied to suit the thick- 
ness of the chest being-roentgenographed. 
Thus, all films are directly comparable 
since the factors of distortion and magnifi- 
cation are constant. Case vir (Fig. 21—28) 
illustrates the eight positions utilized. 

Only 7 of the 25 cases are included in this 
article, since they illustrate the salient 
points, and only in Case vii are all eight 
roentgenograms presented. In the remain- 
Ing cases, to conserve space, only the most 
significant roentgenograms are shown. In 
addition to the 25 cases included in the 
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special study, there were a great many 
isolated cases in which the antfroposéerior 
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horizontal and posteroanterifr upright 


were available for comparison. [he varia- 
tions present between the two qoentgeno- 
grams in some of the cases were sgreat as - 
to cause doubt whether both roentBeno-. 
grams were of the same patient. This, of 
course, was checked and verified. 

As a result of study in the various up- 
right and horizontal positions, it w&s al- 
most invariably found that the roentgeno-, 
grams made in the posteroanterior upright 
position at the end of inspiration were tli 
most satisfactory and gave the least dis; 
torted and least misleading views offie 
heart and mediastinum. If, in addition, a 
method of synchronizing the exposure with 
the same phase of the cardiac cycle is 
employed, successive roentgenograms on 
different days are absolutely comparable, 
particularly in regard to heart size and 
shape. We have often noted two chest 
roentgenograms of a stereoscopic pair 
which showed marked changes in size and 
configuration of the heart. Obviously, in 
such a case one roentgenogram was taken 
in systole and the other in diastole. 


DISCUSSION 


Changes in the size and appearance of 
the mediastinal and heart shadows on the 
roentgenogram may be produced by vari- 
ous factors, among which the most impor- 
tant are position (whether horizontal or 
upright), the effect of gravity, the phase 
of respiration and the phase of the cardiac 
cycle. The changes so produced are neither 
trivial nor unimportant, since they may 
be responsible for serious mistakes in diag- 
nosis. Thus, we have seen chest roentgeno- 
grams that were entirely normal diagnosed 
at various times as hypertrophied” thy- 
mus, childhood tuberculosis, congenital or 
acquired valvular heart disease, enlarged 
heart and even bronchopneumonia, where 
none existed. These mistakes are easily 
made unless one understands the effect of 
the above mentioned factors in producing 
the alteration in the roentfenogram. 

e 8 
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. Effect of Position and Gravity. Great vari- 
atiorein thefbize of the mediastinum has long 
been recoggized and ascribed to change jn 
position.?^/5. In the cadaver, Cunningham? 
owing to the weight of the heart, 
or mediastinum is increased and 
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‘othe Posterior mediastinum reduced in the 


anteroposterior depth. From this, it can be 
inferred that the mediastinal structures 
can move in anteroposterior direction be- 
cause’ of available space and the force of 


„gravity. In the supine position (antero- 


posterior) the mediastinal structures tend 


AS drop posteriorly. Because of the bony 


und of the vertebrae, there is no yield- 
pace posteriorly and, as a result, the 


ip ie spread laterally, pushing the 
lungs before them. The amount of lateral 
displacement, though not great, is appreci- 
able, as the roentgenograms demonstrate. 

In the prone (posteroanterior) position, 
the mediastinal structures move anteriorly. 
Again, the mediastinum tends to spread 
laterally, but owing to the soft compres- 
sible fibro-areolar tissue and the space in 
the anterior mediastinum, it more nearly 
approaches the sternum and the lateral 
displacement is minimal. Thus, it may be 
stated that in the horizontal position, the 
posteroanterior (prone) view will produce 
a narrower mediastinal shadow than the 
anteroposterior (supine) view. This is due 
also to another important factor which 
holds true for both the horizontal and up- 
right positions, namely that the trachea, its 
lymph nodes, heart and vessels all he 
closer to the anterior surface of the body 
than to the posterior (Fig. 2). Thus, when 
the cassette is placed against the anterior 
pàrt of the chest, as in the posteroanterior 
view, these structures lie closer to the film 
and undergo less distortion and magnifica- 
tion than if they were farther from the 
film as in the anteroposterior position. 

Still another important rôle in increasing 


e the width of the mediastinal shadow in the 


horizontal position can be ascribed to the 

abdominal organs. These tend to push up 

the diaphragm, thus shortening the vertical 

diameter of the*thorax and causing lateral 
$ 
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expansion of the mediastinal structures, 
including the heart. Again, in the horizon- 
tal position, widening is added to by dis- 
tention of the large blood vessels (superior 
vena cava and innominate vein on the 
right, and subclavian vessels on the left). 

In the upright position, all these factors 
produce the opposite effect. The blood 
vessels empty, the abdominal viscera drop, 
removing their pressure on the diaphragm, 
and the mediastinum tends to secede in- 
feriorly. In doing so, the lateral displace- 
ment is minimized and the mediastinal 
shadow is correspondingly narrowed. It 
may thus be stated that all other factors 
being constant, the posteroanterior up- 
right position is the one calculated to pro- 
duce the narrowest and least misleading 
shadows of the heart and mediastinum on 
the roentgenogram. 

Effects of Respiration. The mechanism of 
repiration in changing the size of the medi- 
astinal and heart sliadows has had various 
explanations. Groedel and Dietlen are of 
the opinion that descent of the diaphragm 
produces inspiratory narrowing and the 
ascent produces expiratory widening. Holz- 
knecht and Hofbauer? found widening 
throughout inspiration (which 1s contrary 
to other reports and our own findings). 
Dietlen admits a widening in early inspira- 
tion due to sudden filling of the superior 
vena cava and right auricle as the result of 
suction effect. This mech@nism thas been 
studied to a great extent by Manges," who 
also demonstrated that the crying effort 
influences thé size of the heart and medi- 
astinum. With normal breathing, the 
thoracic cavity .grows smaller and the 
diaphragm rises as the air is gradually ex- 
pelled during the repiratory phase. 

As the thoracic cavity diminishes in 
length with the rising diaphragm, the heart 
is lifted and tilted so that the apex is swung 
farther to the left and the base farther to 
the right. The transverse diameter of the 
heart, therefore, increases during this phase 
and the projected cardiac shadow occupies 
a proportionately greater area at expiration 
than it does at inspiration. He further 
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showed that the reverse is true as far as the 
heart shadow 1s concerned, during the 
forced expiration incidental to the crying 
effort (Valsalva effect). The narrowed 
glottic chink offers a decided resistance to 
the column of air as the infant forcibly 
contracts the chest to increase the volume 
of sound. The intrapulmonary pressure is 
raised as a result and the heart swings on 
its long axis, the apex coming forward and 
the base Backward. Its narrower diameter 
is therefore presented; the projected area 
1s lessened for the greater part of this phase 
and is only broad for a moment, at the 
extreme end of expiration. Thus, in the 
crying child, unless one makes the exposure 
at this final instant of expiration, he will 
find the transverse cardiac diameter less 
than at inspiration, even though the chest 
has narrowed and the diaphragm has risen.? 

During inspiration, as noted above, the 


heart and mediastinum, because of pressure - 


changes and rotation of the heart, actually 
appear smaller. In addition, the thoracic 
cavity 1s enlarged and the pulmonic fields 
become wider so that the heart and medi- 
astinal shadows appear even narrower in 
proportion. It is a common experience to 
observe the measurable differences in the 
size of the heart and mediastinum when 
roentgenograms, taken a few minutes 
apart, in inspiration and expiration, are 
compared (Fig. I9 and 20). 

Another important point not directly 
related to this study merits brief considera- 
tion. During expiration, the lungs and par- 
ticularly the bases are compressed by the 
rising diaphragm and contraction of the 
chest wall. In the horizontal position, the 
abdor@inal organs further displace the dia- 
phragm upward, so that rather ‘marked 
diminution in aeration of the lung bases 
may appear on the roentgenogram. The 
small pulmonary vessels become distended 
and the lung markings become prominent. 
These seen on end, against the background 
of relatively hypoventilated lung, may pro- 
duce an appearance simulating broncho- 
pneumonia (Fig. 23). 

Often the cardiac shadow shows marked 
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differences in the same individyal on’ suc- 
cessive roentgenograms taken i@ the same 
position and the same phase of spiration. 
It is not an uncommon experience to find 
pronounced changes in the heartgsize and 
shape on the two films of a ste air, 
taken an instant apart. It is obvious that 
the cardiac cycle and the changes produced 
by systole and diastole must be considered 


“in explaining this variation. This was 


studied by McPhedran and Weyl% in 1927. 
As a result, they synchronized exposures 
with the various phases of the cardiac cycle. 


and were thus able to obtain roentgeno-^ 
grams showing the differences in the size op 


the heart. By synchronizing their expos#fes 
with the late diastole, they were able to 
eliminate artefacts and secure finer detail. 
We have on numerous occasions obserwed 
marked changes in the size of the heart 
which could have been due only to chang- 
es in the phase of the heart cycle, since 
examinations were made in the same posi- 
tion and phase of respiration. When, in 
addition to this factor, we consider the 
changes in heart size and shape that may 
occur due to the horizontal position and to 
phase of the respiratory cycle, it becomes 
apparent how unreliable cardiac measure- 
ments, particularly in children, may be if 
roentgenograms are taken at random with 
an unstandardized technique. The size and 
shape of the heart should be judged only in 
comparison with previous or subsequent 
teleroentgenograms made in the upright 
posteroanterior position, in inspiration, and 
using short exposures (1/10 sec. or less). If, 
in addition, means are available to syn- 
chronize the exposure with a particular 
phase of the cardiac cycle, the likelihood 
of error is reduced to a minimum. Common 
sense indicates, therefore, that in viewing 
roentgenograms not made under standard 
conditions, exact cardiac measurements are 
a delusion, and considerable latitude should 
be allowed in the judgment of cardiac en- 
largement or pathologic alteration of con- 
tour. 


Relation of Mediastinal Shadow to Thy- 


mus. Many of the previous studies of the 
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medfastinum were made in relation to its 
bearing onfthe question of thymic enlarge- 
ment. Thif is easily understood when it, is 
considered that a so-called widened medi- 
astinal shadow has often been mistakenly 
diagngg@d as “hypertrophied thymus." We 
beliéve that no such diagnosis should be 
based on mere widening of the mediastinal 
shadow, especially if the roentgenogram 
has been taken onlv in the horizontal posi- 
tion.” We have seen shadows that were 
diagnosed on horizontal roentgenograms 
as representing thymic enlargement, com- 







‘pletely or almost completely disappear on 


roentgenograms taken in the upright posi- 


t1098., 
There is little doubt that manv 
have been unnecessarily given 


children 
roentgen 


therapy for thymic enlargement because of 


errors in diagnosis due to roentgenograms 
made in the horizontal position. The width 
of the supposed thymic shadow (actually 
normal mediastinum) also varies with the 
phase of respiration, being wider on expira- 
tion and narrower at the end of inspiration, 
as well as being influenced by whether the 
infant is quiet or crying and the type of 
crving, i.e. regular or irregular. It was Pan- 
coast? who wisely set up the criteria that 
"unless there are clinical evidences and 
lateral x-ravs of the neck to show definite 
buckling of the trachea, it is impossible to 
make a diagnosis of enlarged thv mus." To 
this can be added that no such diagnosis 
should be based solelv on horizontal roent- 
genograms. hoentgenoscopic studv, too, 
vields valuable information and its impor- 
tance should not be overlooked. Correct 
positioning of the patient and roentgen 
fube is also essential in taking roentgeno- 
grams to demonstrate the thymus. The 
thymic shadow may appear either to one 
side or the other by incorrectly focusing 
the central ray or by failure to place and 


maintain the patient in the exact center of 


the cassette. The thymic shadow may 
become greatly diminished in size or it may 
entirely disappear when the head is held in 


extreme dorsal flexion. 
@ 
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REPORT OF CASES 


Case 1. D. M., colored female, aged two, who 
two months before admission developed a mild 
non-productive cough and slight evening fever. 
The child was taken to Board of Health for 
routine check-up and as a result was admitted 
to the hospital on February 7, 1938. The past 
history was essentially negative and the con- 


tact was found to be the father who died of 


pulmonary tuberculosis in December, 1937 
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February, 


Admission roentgenogram, 
1938, reveals bilateral widening of the mediastinal 


Case I. 
shadow. 


On admission, physical examination revealed 
a well developed, fairly well nourished two year 
old colored female. The cervical glands were 
enlarged to a little more than twice their normal 
size. The heart was essentially negative. The 
lungs revealed slightly increased breath sounds 
on the right. The tonsils were hypertrophied 
and cryptic. "The Pirquet test was positive, 


with tuberculides seen around the reaction. The 
liver edge was palpable 1.5 cm. below the 
costal margin. » 


Laboratory Data. Urine negative except for 
few leukocytes. Wassermann reaction negative. 
Sputum, gastric contents and feces negative for 
bacilli. Weight 26 lb., temperature 
99-101? F., erythrocyte sedimentation rate 30 
mm. per hour. Roentgenogram of chest re- 
vealed widened mediastinum (Fig. 3). 

Course. By October, 1938, there were no 
further elevations in temperature, *patient was 
gaining weight and the erythrocyte sedimenta- 


tubercle 
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shadow to normal became evident, As a fesult, 
the patient was discharged but Femaired in 
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the hospital until April 2, 1941, bdkause of dif- : 
ficulty in finding a home for her. 
° 
Comment. This patient ia ac 
the hospital with the initial infectioMeuber- 
culosis as evidenced by the elevated tem-* 
perature, sedimentation rate, positive — *' 
Pirquet test at age of two vears and roent- 
genographic evidence of enlarged mediasti- ~ 
nal nodes. By October, 1938, however, all M 
. 
° 
d . 
Fic. 4. Case 1. Expiratory posteroanterior horizontal 
roentgenogram three years later (March 15, 1941) 
still shows marked increase in mediastinal and 
heart shadows. Patient might have been hospital- di 
ized indefinitely on the basis of these findings. 
tion rate was normal (8 mm.). The gastric 
findings remained negative and the chest 
roentgenogram apparently still showed enlarged 
mediastinal glands. Though the patient's 
general condition consistently improved, with 
no signs or laboratory evidence of clinical ac- 
tivity, she was kept in the hospital because of 
supposed enlargement of the mediastinal nodes 
until December, 1940, when an upright POS- Fic. 6. Case 1. Inspiratory upright posteroanterior 
teroanterior roentgenogram was made and a roentgenogram, taken at the same time as Figure 
striking reduction of the mediastinal and heart re Mediastinal shadow is narrower than in Figures 
4 and s. Heart size smaller and shape entirely 
normal. Patient was discharged because of normal 
chest findings on this roentgenogram. 
clinical and laboratory evidence of activity 
had disappeared and the patient might 
have been discharged except for apparent " 
enlargement of the mediastinal nodes as 
seen on the roentgenogram. Figures 4, § 
and 6 were all taken at the same time ch f 
March 15, 1941, and illustrate the striking 
differences in the width of the mediastinum 
and configuration and size of the heart, : 
solelv as a result of different roentgeno- 
graphic technique. 
This case is but one of manv similar e i 
Hic. S. Case 1. Expiratory posteroanterior upright examples that might be used to illustrate 
roentgenogram, taken at the same time as Figure 4. the unnecessarily prolonged hospitalization 
Note decrease in width of mediastinal shadow and iir ^ a a ; 
change in cardiac configuration as a result of up. because of simulated widening of the medi- 
right position. i astinal shadow. A point wôrth mentioning 
® p " ° 
LÀ 
Q7 


, 2 

VoL. 49, TA. 
is thát if apparentlv enlarged mediastinal 
glands peist unchanged and show no 
calcium deposition for periods between one 
and two vears, then one should seriously 
doubt that the mediastinal shadow is due 
to enlaged caseating tuberculous nodes. In 
from one to two vears, such nodes should 
either break down or shrink and 
evidences of calcification. 
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Case 11 (Fig. 7 and 8). M. T., colored male, 
aged five, was admitted on January 2, 1940, 
because of the discovery of a positive Mantoux 
reaction by a local physician and a roentgeno- 
gram of the chest made by the Board of Health 


-which was interpreted as showing mediastinal 


tuBculosis. The contact in this case was the 
grandmother. 

On admission, examination showed a well 
deyeloped and somewhat emaciated five year 
old colored male. The heart and lungs were es- 
sentially negative except for some diminished 
breath sounds in left axilla. The weight was 343 
Ib. and blood chemistry, urine, blood count and 
Wassermann reaction negative. The erythro- 
cyte sedimentation rate was 13 mm. per hour, 
and sputa and gastric contents negative for 
tubercle bacilli. 

Course. Patient began to gain weight soon 
after admission and physical findings remained 
essentially negative. Admission roentgenogram 
showed some thickening of the left pleura which 
cleared in two months, and widening of the 





FIG. 


Case 1. Expiratory posteroanteriœr hori- 
zontal roentgenogram (April 15, 1941). Note wide 
superior mediastinal shadow (more striking in 
darger original réentgenogram). 
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Fic. 8. Case irr. Expiratory posteroanterior upright 
roentgenogram, taken at the same time as Figure 
7. 'The mediastinum, heart and lungs are normal. 
Patient was discharged on the basis of this roent. 
genogram. 


superior mediastinal shadow, especially to the 
right. Weight gain continued and general condi- 
tion improved, and patient remained afebrile, 
with exception of a short period during which 
a Vincent's infection of the mouth occurred. In 
spite of the negative physical and laboratory 
findings, the roentgenographic finding of 
widened mediastinum persisted (Fig. 7) and 
patient was therefore kept in the hospital until 
Februarv, 1941, when an upright roentgeno- 
gram was taken (Fig. 8). This showed a striking 
change of the mediastinal shadow to normal 
and, as a result, patient was discharged. 


Comment. Here, too, a patient was hos- 
pitalized for one year longef than'necessary 
because the roentgenogram showed ap- 
parent widening of the mediastinum. It 
must be borhe in mind that the change 
between Figure 7 and Figure 8 is much 
more striking in the larger original roent- 
genograms than in the smaller repsoduc- 
tions. This applies to all other illustrations 
shown. 


Case ut (Fig. 9, 10 and 11). J. O., colored 
male, aged three, was admitted to Metropolitan 
Hospital in May, 1937, because of routine 
Board of Health check-up, and was transferred 
to Sea View Hospital on Februarw 4, 1939. At 
Metropolitan Hospital, he was fotind to have 
enlarged hilar nodes. On admission to Sea View 
Hospital, examination showed a well developed, 
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FrG. 9. Case rir. Admission roentgenogram (Novem- 
ber 15, 1939) reveals apparent wide mediastinum 
and large heart. Taken in supine position. 


well nourished three vear old colored male. 
There was slight enlargement of the cervical and 
inguinal nodes. The Mantoux reaction was posi- 
tive. There was slight beading of the ribs and 
flaring of the ribs and wrists. The heart and 
lungs were negative. The abdomen was nega- 
tive. The tonsils were hypertrophied and 
cryptic. 

Laboratory Data. Blood count, blood chemis- 
try, Wassermann reaction and urinalysis were 
normal. Gastric findings and feces negative for 
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FrG. 10. Case 11. Supine roentgenogram taken six- 
teen montles later (March 30, 1941) shows per- 
sistence of*wide mediastinal shadow. On basis of 
this roentgenogram patient would not have been 
discharged. 
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tubercle bacilli, erythrocyte sedimgntatiot rate 
was 6 mm. per hour, temperatu 100.§° F., 
weight 32 lb. The admission rodntgenogram 
(Fig. 9) was interpreted as showing marked 
widening of the mediastinal shadow, due to 
tuberculous adenopathy. 

The patient's course was uneven He re- 
mained afebrile, gastric findings were always 
negative for tubercle bacilli, and he might have 
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been discharged except for roentgen findings of 


widened mediastinum. An upright roentgeno- 
gram on March 30, 1941 (Fig. 11) showed 
mediastinum of normal width and patient was 





FiG. 11. Case irr. Posteroanterior upright roentgeno- 
gram made at same time as Figure 1o reveals 
normal mediastinum and no enlarged nodes. Pa- 
tient discharged as result of this roentgenogram. 


discharged. A horizontal roentgenogram (Fig. 
10) made at the same time again revealed ap- 
parent widening of the mediastinal shadow. 


Comment. The admission roentgeno- 
gram would probably have shown a normal 
mediastinum if it had been taken in the 
upright position. Two vears later (Fig. 10) 
the roentgenogram taken in the supint 
position still shows apparent marked wid- 
ening of the mediastinum and enlargement 
of the cardiac silhouette, though th dis- 
appears in the upright roentgenogram 
(Fig. 11). The lack of calcification in the 
hilar or paratracheal nodes on his final 
roentgenograms (four vears after original 
hospifalization) throws doubt on whether 
caseous enlarged hilar Modes were origi- 
nally present, ° 


J 
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Fic. «2. Case 1v. Anteroposterior expiratory hori- 
snnt roentgenogram (April 25, 1941) reveals 
widest mediastinal and heart shadow and poorest 
aeration of lungs. 

9 

CASE Iv (Pig. 12, 13, 14 and 15). C. Wa 
colored male, admitted on October 29, 1940, at 
the age of eleven years because of loss of weight, 
low grade fever and roentgen findings of widened 
mediastinum and positive tuberculin test. The 
contact was found to be a boarder. Father, 
mother and brother all were found to be well. 

Past history revealed pertussis at nine months, 

varicella at three months, mumps at two vears, 

pneumonia at one year and tonsillectomy at age 
of three years. Examination on admission re- 





lic. 13. Case 1v. Posteroanterior expiratory hori- 


zontal roentgenogram, taken at the same time as 
Figure 12. Mediastipal and heart shadows are 
slightly narrower, but still strikingly enlarged and 
misleading. Md 
e , 
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Fic. 14. Case 1v. Anteroposterior expiratory upright 
film, taken at same time shows heart and medi- 
astinal shadows to be much narrower than Figures 
I2 and 13. 


vealed heart negative, lungs showing dullness 
in both apices posteriorly and diminished breath 
sounds in upper half of right chest posteriorly. 
The remainder of physical examination was 
negative. Laboratory findings included blood 
count, urinalysis, Wassermann test, blood 
chemistry—all normal. Feces and gastric find- 
ings negative for tubercle bacilli. Erythrocyte 
sedimentation rate 31 mm. per hour, tempera- 
ture below roo? F., and roentgenogram of chest 
showed marked hilar adenopathy. During Stay 





FrG. 15. Case 1v. Posteroanterior expiratory upright 
roentgenogram (April 25, 1941) show} narrowest 
and most normal appearance of heart and medi- 
astinum. Slight enlargement of the paratracheal 
nodes is still evident bilaterally. 





Fic. 16. Case v. Admission roentgenogram (January 
30, 1940) was made in the upright position because 
patient was older and cooperative. Mediastinal 
shadow is narrow and normal, but heart shows 
wide transverse diameter because diaphragms are 
high (expiration) and push heart up. 


in hospital, the temperature did not rise above 
100° F., and patient was clinically negative. 
The erythrocyte sedimentation rate fell to 6 
mm. per hour on January 29, 1941. Patient was 
discharged in April, 1941. 


Comment. Just before discharge, four 


roentgenograms were taken in different 





FIG, 
(October I5, 1940) shows apparent widening of the 


17. Case v. Expiratory supine roentgenogram 


mediastinal shadow and marked enlargement of 


right paffatracheal and bronchopulmonary nodes. 
Actually shadow is caused by elevation of dia- 
phragms due to expiration, horizontal position 
plus slight rotation. 
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positions (Fig. 12, [4 m 15) *which 
illustrate striking changes that may be 
produced due to roentgenogfaphic tech- 
nique. In Figure 15, though the mediastinal 
width is almost half that of Figure 12, it is 
still evident that slight Arhi a c of the 
paratracheal nodes is present. The upright 
technique will often reveal enlarged hilar 
or paratracheal nodes which in the supine 
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position are obscured bv false widening of ~. 
ning 


the mediastinal shadow. 





Fic. 18. Case v. Roentgenogram taken less than two 
months later (January 10, 1941) in posteroanterior 
upright inspiratory position, shows striking re- 

of mediastinum and heart to 

normal. Note greatly improved aeration of lungs. 


version shadow 


CASE v (Fig. 16, 17 and 18). D. P., colored 
female, aged four, admitted to Sea View Hos- 
pital on January 29, 1940. The past history 1s 
irrelevant. The contact is not known. The pa- 
tient was originally admitted to Harlem Hospi- 
tal in December, 1939, for unexplained eleva- 
tion of temperature, and while on the ward, she 
developed a large mass in the right axilla whfich 
was aspirated and found to contain tubercle 
bacilli. The child was then transferred to Sea 
View Hospital where physical examination on 
admission was essentially negative, except for 
enlargement of the cervical nodes to a little 
more than twice their normal size, and a mass 
half the size of a lemon in the right axilla. Th 
blood chemistry, blood count and Wassermann 
test were normal. Hemoglobin was 66 per cent. 
Urine, feces and gastric examinations were 
negative for tubercle bacilfi. The erythrocyte 
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sedimentatiorg rate was 20 mm. per hour. The 
patch «est was positive. 

Admission roentgenogram of the chest (Fig. 
16) revealed slightly increased prominence of 
thé right hilar shadow and destruction of the 
posterior axillary segment of the ninth right 
rib. The patient’s course was uneventful. The 
mass was aspirated once and then promptly 
healed. The patient was afebrile, except for an 
occasional 100° F. The erythrocyte 
sedimentation rate returned to normal and the 
patient’s condition continued to be satisfactory 
aintil October, 1940, when a chest roentgeno- 
gram (Fig. 17), taken in the horizontal position, 
showed marked increase in the width of the 
superior mediastinal shadow. The physical 
examqnation, sedimentation rate and tempera- 
ture Ie all normal at this time. Another 
roentgenogram of the chest taken in the upright 
position (Fig. 18) again revealed a normal 
medfastinum and the patient was discharged 
from the hospital. 


rise to 


Comment. This patient was not admitted 
for either pulmonary or mediastinal tuber- 
culosis and never had any clinical evidence 
of such. Yet Figure 17 might well be inter- 
preted as showing enlarged bronchopul- 
monary and paratracheal nodes on the 
right. This case is especially interesting 
since Figure 16 (the admission roentgeno- 
gram) was an upright roentgenogram and 
shows a normal mediastinum, whereas Fig- 





Fic. 19. Case vi. Roemtgenogram taken in the pos- 
teroanterior horigontal position during forced 
:wpiration (child crying). 
expiration (c ying) 
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lic. 20. Case vi. Roentgenogram taken five minutes 
after Figure 19, in the identical position but during 
Inspiration. 


ure 17 was made in the horizontal position 
with striking alteration of the heart and 
mediastinal appearance. Figure 18, again 
made in the upright position, reveals a very 
normal heart and mediastinum. Also note 
how much better and more normal the ap- 
pearance of the lungs are in the inspiratory 
upright roentgenogram (Fig. 18) than in 
the expiratory horizontal roentgenogram 
(Fig. 17). 

Case vi (Fig. 19 and 20). P. D., aged three 
months, was admitted solely because mother 
was admitted as a patient with pulmonary 
tuberculosis. The infant was kept at the hospi- 
tal for only three months until suitable home 
conditions could be arranged. “At no time was 
there any evidence of tuberculosis. The patch 
test and Mantoux reaction were negative and 
roentgenogram &f the chest normal. The gastric 
findings were negative for tubercle bacilli. On 
admission, patient was markedly dehydrated 
and underweight but responded promptly to 
routine care. 


Comment. Figure 19 was taken at expira- 
tion in the horizontal posteroanterior posi- 
tion while the child was crying. This illus- 
trates the marked changes in the aeration 
of the lungs and width of the mediastinal 
shadow and shape of the heart, as a result 
of increased intrathoracic pressure (crying). 
An erroneous diagnosis of enlarged thymus 
might be made from this roentgenogram. 


Ds V. 


Shapiro and J.eo Bell 


vr uy 


FEBRUARY, 194% 
s 4 ` * , ES A 





Fic. 21. Case vir. Anteroposterior expiratory 


roentgenogram in horizontal position. 


Fic. 23. Case vu. Posteroanterior expatory 
roentgenogram in horizontal position. 


Fic. 21-28. Case vit. These roentgenograms were all taken at the same time and illustrate the 


changes in the mediastinal and heart shadows due to variations in position and phase of respirati&n. 


Figure 20 was made in exactly the same 
posteroanterior horizontal position but was 
taken during inspiration. The lung fields 
are much better aerated and the mediasti- 
nal and heart shadows much more normal 
in appearance, thus illustrating the changes 
due to inspiration and expiration alone. 


Case vil (Fig. 21-28). H. B., a newborn 
normal infant, whose mother was a tuberculous 
patient at Sea View Hospital and who was de- 
livered by cesarean section on June 14, 1940. 
The child was immediately removed from the 





Fic. 22. Case vir. Anteroposterior inspiratory 
| } ] 


roentgenogram in horizontal position. 


mother and remained in the hospital for two 
months, during which time arrangements were 
made for its care, after which it was discharged. 
The infant weighed 73 lb. at birth and remained 
well during its two months’ stay in the institu- 
tion. The tuberculin test was normal though 
the mediastinal shadow was thought to be 
widened. The child was brought back to the 
hospital on March 19, 1941, for a follow-up 
examination. The tuberculin test was still nega- 
tive and a series of eight roentgenograms were 
taken in various positions and phases of respira- 
tion as part of this study. 





LJ 
Hic. 24. Case vir. Posteroanterior inspiratory 
roentgenogram in horiz8ntal position, 
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Ficgmgs. Case vir. Anteroposterior expiratory 


roentgenogram in upright position, 


Comment. This case illustrates the strik- 
ng changes that may be produced by varia- 
tions in roentgenographic technique. All 
sight roentgenograms were taken within 
half an hour. Figure 28 shows normal heart 
and mediastinum. Compare this with Fig- 


ure 21 in which the heart shadow is 
enlarged and the mediastinum greatly 


widened. Figure 23, which was taken at 
expiration in the prone position, reveals 
congestion and marked diminution in aera- 
tion of the right lower lobe. A faultv 
diagnosis of bronchopneumonia in the right 
lower lobe might have been made on the 





e. * . . 
Fis. 26. Case vir. Anteroposterior inspiratory 


roentgenogr:fm in upright position. 
o 
-" & 


Fic. 27. Case vir. Posteroanterior expiratory 
roentgenogram in upright position. 


basis of this roentgenogram. This can be 
appreciated more in the original roentgeno- 
gram than in the smaller reproduction here. 
The changing size and configuration of the 
heart shadow on all eight roentgenograms 
illustrates the errors inherent in measuring 
and judging heart size and shape, unless 
all roentgenograms being compared are 
made under identical conditions, 1.e., same 
phase of cardiac cycle, same phase of res- 
piration, same upright or horizontal antero- 
posterior or posteroanterior position. 

This case also illustrates the fact that 
upright roentgenography of the chest is 
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Fic. 28. Case vir. Posteroanterior inspiratory 


roentgenogram in upright position. 
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perfectly feasible even in the newborn. It 
is apparent that the mediastinal shadow is 
narrower and more normal in the roent- 
genograms taken in the posteroanterior 
position than those made in the antero- 








Fic. 29. Line drawing of apparatus. 


posterior position; narrower and more nor- 
mal in the upright than in the horizontal 
position; narrower and more normal on 
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30. Phetograph of 
roentgenography of the chest. 


apparatus for upright 
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roentgenograms taken in ekina than 
on those made in expiration. . 


DESCRIPTION OF APPARATUS 


The apparatus used to facilitate upright 
roentgenographv is illustrated in Figure 29. 
It consists of a metal plate (G) 242 in. wide 
by 9$ in. high, in which there are two large 
oval apertures, each 6 bv 7 in. in diameter, 
one on each side to accommodate the arms 
of the patient, which project throwgh the 
armholes and are held bv the nurse or 
attendant (see Fig. 31). The holes are lined 
by sponge rubber to avoid scratching the 
patient. The lower edge of the metal plate 
is bent so as to form a right angle shallow 
trough (/7) upon which the ei o comandi 
The metal plate G is thus converted into a 
simple and inexpensive cassette holder. To 
the lower edge of the cassette holder, near 





Fic. 31. Photograph of apparatus showing patient, 
cassette and attendant in position for upright 
chest roentgenography. 


either end, are riveted two round bars of 
» 1n. brass pipe (C and D) which, in turn, 
telescope within two brass pipes of 3 4n. 
diameter (4 and B). To the lower ends of 
pipes C and D there is welded at right 
angles a small metal rod (Z) to Which is 
attached a light wire cable which passes 
around pulley (7) and is attached to coun- 
terweight (W). The counterweight moves 
within a brass pipe (E), attached to the 
end* of the roentgenographic table and 
which is secured to pipe Z and B by means 
of weld (A). Pipes Z and 8 are also secured 
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rigidly* to edch edge of the end of the 
roentgenographic table and each pipe has 
a narrow slit running along its entire length 
to allow rod / to move up and down. At 
thé upper end of pipes .7 and B, there is a 
threaded hole to accommodate thumb 
screws (M and N) which, when turned, lock 
the cassette holder at the desired height. 
The tray of the cassette holder G has a cut- 
put (O) to accommodate the chin. When 
the apparatus is not in use, the thumb 
screws are loosened and the entire cassette 
holder and attached bars 4 and B can be 
very easily lifted out and removed from 
the apparatus. This is a very necessary and 
desira 
the roentgenographic table free and un- 
obstructed. 

The entire apparatus is secured rigidly 
to one end of the roentgenographic table 
and requires onlv a touch of the finger to 
move up or down because of the counter- 
weight and pullev arrangement. The pa- 
tient sits on the edge of the table (see Fig. 
31), and arms are passed through the arm- 
holes and held bv the nurse. This bring the 
chest of the patient against the cassette 
and the roentgen tube is simply turned to 
focus the central ray toward the patient. 
In this wav, posteroanterior upright roent- 
genograms can be secured with equal facil- 
ity at 6 ft. distance as at 30 in., which is a 
great advantage when studving the heart 
size and shape in children. Even newborn 
infants have been roentgenographed with 
this apparatus with less difficulty than in 
the conventional horizontal position and 
the resulting roentgenograms have been 
superior in all respects. Lateral and oblique 
views can be secured as readily as postero- 
anterior views bv simply turning the sitting 
child to the desired angle. Teleroentgeno- 
grams for heart study are secured with 
sreat ease by simply moving the rail 
mounted tubestand back to 6 ft. distance. 
è The device has been found of great value 
in roentgenography of adults as well as 
infants since it happens not infrequently 
that a sick adult is able to sit up with sup- 
port but i is unableto stand. Thus, by using 
e 
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le feature, since it leaves the end of 


this apparatus, excellent 6 ft. roentgeno- 
grams can be secured in place of «he 
generally unsatisfactory 36 in. distance 
horizontal films. This is particularly advan- 
tageous in roentgenography of decompen- 
sated cardiac patients. The apparatus is 
very substantial, is extremely simple in 
operation, very inexpensive, can be easily 
home made, and is suitable for attachment 
to any table. 

It must be emphasized that the aurse or 
attendant who holds the arms of the pa- 
tient is thereby exposed to the rays and 
should always wear a lead apron when the 
exposure is made. , 


SUMMARY 


The difference in results with upright 
and horizontal chest roentgenography has 
been compared and analvzed in 25 cases. 
Ten of these cases were selected for special 
studv to determine the effects of respira- 
tory phase, position (upright or horizontal) 
and tv pe of projection (anteroposterior Or 
posteroanterior). An explanation 1s offered 
for the striking variations that may result 
from changes in the method of roentgeno- 
graphic examination, and the importance of 
the upright position is emphasized. The 
anatomy of the mediastinum is briefly 
reviewed. 


CONCLUSIONS 


t. The horizontal method 8f chest roent- 
genography should be replaced by, or 
augmented bv, the upright method. 
No relianée should be placed on the 
horizontal method alone. 
Upright posteroanterior roentgeno- 
grams taken at the end of inspiragion 
give the least distorted views of the 
mediastinum. 
Cardiac measurements are not com- 
pletely reliable and comparable by 
serial study unless the exposures are 
synchronized with a phase of the 
cardiac cycle. p 
4. The diagnosis of “enlarged thymus” 
is too often erroneous because of 
mediastinal widening due to technical 
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factors. Roentgenography of the thy- 


* mus should include upright postero- 
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anterior and lateral views. 

Upright posteroanterior views taken 
at the end of inspiration are most 
satisfactory. 

A simple, inexpensive device can be 
made to provide such views. 
Bronchopneumonia may, on occasion, 
be incorrectly read into roentgeno- 
grams made in the horizontal position, 
at the end of expiration. Roentgeno- 
grams so taken should be interpreted 
with caution, 
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OIL ASPIRATION PNEUMONIA 
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INCE Laughlen's* report of 5 cases of 

oil aspiration pneumonia, numerous au- 
thors have reported either isolated cases or 
small groups of cases, and, in a few in- 
stances, larger series. Most of the cases de- 
scribed were discovered at postmortem 
examination. Pinkerton!? found 6 cases in 
290 Aecropsies of infants and children. 
Bromer and Wolman! reported 27 cases in 
children. Of these, 8 were diagnosed clini- 
cally, and 1 of these, as well as the other 19, 
was confirmed as oil aspiration pneumonia 
on postmortem study. Goodwin’ found 25 
cases in children during a ten year period 
at the Harriet Lane House. Of these, onlv 
; were diagnosed clinically. Cannon? found 
39 cases in 2,000 consecutive necropsies, of 
which 12 were in infants and children, and 
27 in adults. Freiman, Engelberg and Mer- 
rit? reported a series of 47 cases of oil aspi- 
ration pneumonia. Of these, 7 were diag- 
nosed clinically, and 40 were found in 3,500 
consecutive autopsies over a period of ten 
years. 

The number of cases of oil aspiration 
pneumonia in the literature is not very 
large. Undoubtedly many cases have been 
recognized but not reported. It is our belief 
that the incidence of this disease is much 
greater than one would estimate from the 
number of cases reported in the literature. 
Because of this, we wish to report our ex- 
periences. 


® ETIOLOGY AND PATHOLOGY 


The etiology and pathology of oil aspira- 
tion pneumonia have been well established 
®and described by Pinkerton," Cannon,’ 
Cannon and Walsh,‘ Laughlen* and Ikeda.‘ 
The causative agent is a lipoid, or lipid sub- 

* Resident, July 1, 


1945, to June 30, 1941. 


stance, entering the lungs in one of three 
ways: (1) through the mouth; (2) instilled 
into the nose as drops; (3) through a 
tracheotomy opening. 

Responsible lipoids may be divided into 
three groups: 

! - oe 

Animal oils: halibut liver and cod 
liver oils, milk and egg yolk. 

2. I ‘egetable oils: castor oil, olive oil and 
wheat germ oil. 

Mineral oils: liquid petrolatum. 

The predisposing conditions favoring the 
development of oil aspiration pneumonia 
are chiefly those which interfere with the 
normal swallowing act. They are: 

Perforated palate. 

Forceful feeding in crying and debili- 
tated children. 

Neurologic conditions at any age caus- 
ing dysphagia, such as multiple sclerosis, 
cerebrovascular disease, brain tumors, etc. 

4. All debilitating diseases compelling 
the patients to become bedridden, such as 
the arthritides, Little's disease, neurologi- 
cal conditions, etc. Aside from the fact that 
these patients have dificultin swallowing, 
thev become constipated. To alleviate the 
constipation, mineral oil is administered. 

5. Upper refpiratory infections— treated 
bv intranasal administration of oily medica- 
tions. 

The pathogenesis and pathologic piasures 
have been established and described by 
Cannon. The fundamental pulmonary le- 
sion is essentially a low grade interstitial 
proliferative type of inflammation with a 
foreign body reaction. The lesion has been 
described as showing numerous endothelio- 
cytes in the involved lung area orareas with 
giant cell formation of the foréign body 
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type. The lipoid substance is both intra- 
and, extracellular, the latter being in the 
alveolar spaces. The epithelial lining of the 
alveolar spaces assumes a cuboidal form. 
The mononuclear endotheliocytes contain 
oil droplets. Many of the cells have a sig- 
net ring appearance with the oil occupying 
the cytoplasmic portions of the cells. The 
nucleus is eccentrically placed. There is 
some round cell infiltration. A superimposed 
bronchopneumonia may accompany the oil 
aspiration pneumonia. The lymphatics be- 
come permeated with oil-laden cells. Some 
of the oil may be carried to the hilar lymph 
nodes. Cases have been reported by Pinker- 
ton and Moragues" and Young, Apple- 
baum and Wasserman," where the oil has 
been found in distant organs such as the 
liver and spleen. The more frequent loca- 
tions of oil aspiration are in the lower 
lobes, most commonly in the right lower 
lobe. Any or all lobes may be involved. 

The severity of the reaction depends 
upon the type of oil used. The difference in 
degree of toxicity of the various types of 
oils has been shown by Ikeda, and Pinker- 
ton and Cannon, and their findings are gen- 
erally in agreement. 

Vegetable oils, as a group, are least ir- 
ritating, least toxic, producing a slight de- 
gree of proliferative reaction with invasion 
of macrophages. The pure vegetables oils, 
such as olive oil, cotton seed oil and oil of 
sesame die frae in the alveoli, produce no 
symptoms, and may be largely removed 
by coughing and expectoration. Chaul- 
moogra, a vegetable oil, has been found to 
be very damaging because of its high fatty 
acid content. 

Animal oils, as a group, are the most 
toxic. This is due to their high fatty acid 
value and the ease with which they under- 
go hydrolysis. The more unsaturated the 
oil, the easier 1t hydrolizes, the greater the 
reaction (Paterson)*. For this reason the 
most toxic of the animal oils is cod liver oil. 

Unlike animal and vegetable oils, liquid 
petrolatum is chemically inert and acts 
purely as a foreign body in the pulmonary 
parenchyma. It is eliminated partly by ex- 
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pectoration and partly remofed through 
the lymphatics by wandering cells, Ac- 
cording to Ikeda, the presence of mineral 
oil in the lung causes local irritation which 
results in a low grade proliferative inflafn- 
mation analogous to a foreign body reac- 
tion. Medicinal agents such as menthol, 
thymol and ephedrine are responsible for 
an acute diffuse exudative inflammation be- 


cause of the chemical irritation to the lungse... 


The result is a superimposed acute tnflam- 
mation on a foreign body reaction. The for- 
mer often subsides spontaneously in the 
absence of bacterial invasion, while the pe- 
troleum continues to act as a foreign bodv. 

Wolman and Bayard” described a char- 
acteristic fluorescence to the consc#(ations 
of oil aspiration pneumonia in human lungs 
when examined in a dark room under ultra- 
violet light. The areas of consolidation were 
visible as pale yellow, gray, white or green- 
ish fluorescence. They claim that the various 
lipoid substances have a specific fluores- 
cent color and that the pathologic diag- 
nosis should state specifically the causative 
agent by diagnosing the lesion as either 
mineral oil pneumonia, cod liver oil pneu- 
monia, milk aspiration pneumonia, etc., in- 
stead of the general term oil aspiration 
pneumonia. In their experimental work 
they were unable to demonstrate lipid de- 
posits and signs of chronicity when milk 
was the causative agent. They recommend 
that milk aspiration pneumonia be sepa- 
rated from the term oil aspiration pneu- 
monia. 

The lesions of oil aspiration pneumonia 
have been classified by various authors. 
Cannon and Walsh described the lesion as 
an exudative or proliferative inflammatién, 
depending upon the amount and kind of 
lipoid agent used. The lesion may be dif- 
fuse or local. The acute state is exifdative. 
It is caused by the accumulation of lipo- 
phages in the alveoli, often with secondary 
infection. The later stage is characterizede 
by interstitial fibrosis. 

Pinkerton divided the oil aspiration 
pneumonia due to liquid petrolatum into 
two types very similar to*the division used 
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by Connond ( (1) acute pneumonic process 
characterized by the accumulation of 
macrophages and round cells: (2) the seç- 
ond type is characterized bv minrked fibro- 
sis with multiple nodules in the lungs. These 
nodules are composed of large globules of 
e liquid petrolatum imbedded in dense fibrous 
tissue and are comparable to the so-called 
parafhnomas. 

we lkeda' similarly described two types, the 
infantile and adult. In the infantile type 
the etiologic agents are cod liver oil, milk 
' and mineral oil. It is essentially an inter- 
stitial proliferative inflammation not in- 
frequently combined with an exudative 
pneumonia. The exudative pneumonia is 
due eif¥er to the irritation of the oil or to 
bacterial invasion. The adult type is the 
result of the administration of oil in large 
amounts by either the nasal or oral routes 
over a prolonged period of time. Liquid 
petrolatum and its numerous medicated 
preparations are the responsible agents. 
He described the adult type as being essen- 


tially a paraffinoma in its various stages of 


development. These stages extend from 
early non-suppurative proliferative inter- 
stitial pneumonitis to a chronic granulom- 
atous foreign body reaction with wide- 
spread fibrosis and tumefaction. The infan- 
tile type of oil aspiration pneumonia may 
be regarded as representing the initial stage 
of the adult type. The fundamental process 
is essentially that of a foreign body reaction 
to the presence of an insoluble oil and con- 
sists primarily of (1) the massive infiltra- 
tion of macrophages; (2) the proliferation 


of stroma cells, and (3) the appearance of 


foreign body giant cells. 

* According to the pathologic findings as 
described by various authors, one may di- 
vide the lesions into three types: 

(1) "Diffuse acute—representing the first 
stage and corresponding to the infantile 
type of Ikeda. 

(2) Diffuse chronic representing the 
intermediate stage, and consisting essen- 
tially of a proliferative fibrosis. In this Stage 
acute bronchopneumonia may be super- 
imposed. : 
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Chronic localized—representing the 
tumor-like parafhnomas. ° 


CLINICAL ASPECTS 


The clinical signs and symptoms are in- 
definite and not at all characteristic. The 
most common symptom is cough, which 
may be either productive or non-produc- 
tive. There may be shortness of breath. The 
temperature usually remains normal unless 
there is a superimposed bronchopseumonia. 
There may be a concomitant infection 
other than in the pulmonary system, such 
as infected decubitus ulcers, or infections in 
the urinary tracts. In these cases, a low 
grade temperature 1s present. Pain in the 
chest is rarely a complaint. The physical 
signs are even less constant. One may hear 
increased voice and breath sounds, dry and 
moist rales, particularly at the bases. The 
patient may be asymptomatic, and show 
definite roentgen findings. 

The roentgen findings have been de- 
scribed by Bromer and Wolman.! They 
classify the lesions as mild, moderate and 
severe. This classification is not dependent 
upon a time factor following aspiration or 
upon the kind of oil used. In their series the 
extent of involvement depended upon the 
quantity of oil in the lung, regardless of 
whether it was aspirated in a single large 
dose or 1n repeated small doses. Patients 
having only a mild involvement showed an 
increase in the size and denfity ofthe lung 
markings and hilar shadows. Scattered 
small areas of increased density may be 
present about the hilar shadows. These 
findings are pronounced in the group with 
moderate involvement. In the severe cases 
the perihilar shadows spread out towaed the 
periphery of the lungs, usually leaving a 
narrow clear zone adjacent to the axillary 
chest wall. A true lobar pneumonia is not 
observed unless a non-lipoid pneumonia is 
superimposed. A paraffinoma 1s recognized 
in the roentgenogram as a well defined 
localized area of absent aeragon which 
may be difficult or impossible to*differenti- 
ate from a pulmonary neoplasm. 

With oil aspiration pneumonia there is 
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Fic. 1. Case 1. G. K., male, aged fifty-seven. Cerebellar pontine angle tumor. Daily intake of mineral oil for 
more than one year, until one year ago. Persistent changes of coalescent bronchopneumonia in the right 
lower lobe for more than five months. 


little or no change in the appearance of the DISCUSSION OF CASES 
lung fields on serial roentgenograms. This, lwenty cases of oil aspiration. pneu- 


together with the history of oil administra- monia. were diagnosed clinically within a 
tion and difficulty in swallowing, should period of seven months at Welfare Hospital 
establish the diagnosis. tor Chronic Diseases.* Of these, § were sub- 
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Fic. 2. Cas ii. M. W., female, aged fifty-one. Multiple cerebral vascular accidents with pseudobulbar palsy 
syndrome and aphasia. Debilitated for many years. Difficulty in swallowing. Receiwed 25 ounces of mineral 
oil for three months prior to admission. Diffuse parenchymal changes persistent for more than three 
months. Postmortem confirmed findings of oil aspiration pneumonia. 
e 
e a 
. e 
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Fic. 3. Case m. I. C., female, aged forty-three. Hemiplegic for five years. Bedridden. Diffuse bilateral 
parenchymal changes for more than fourteen months. Postmortem confirmed findings of oil aspiration 


pneumonia. 


sequently proved at necropsy. The appar- 
ent high incidence is attributed to the fact 
that most of our patients are aged and bed- 
ridden. 

Because of the protracted character of a 
lesion in 2 cases diagnosed as broncho- 


* Welfare Hospital was opened to patients in July, 1939. 


pneumonia, our investigation was started 
which ultimately led to the diagnosis of oil 
aspiration pneumonia. A review of our so- 
called protracted bronchopneumonias re- 
vealed several patients with oil aspiration 
pneumonia. 

Our interest led us to investigate the 





Fic. 4. Cases tv, v and vir. 


A, Case 1v. D. C., male, aged forty-six. Amyotrophic lateral sclerosis. Difficulty in swallowing. Bedridden 
for one year. Received 37 ounces of wheat germ oil, 2 ounces of castor oil during his hospital stay. Diffuse 
coalescent bronchopneumonia due to oil aspiration pneumonia. Postmortem confirmed findings of oil 
aspiration pneumonia and confluent lobular pneumonia. 

B, Case v. L. Mc., female, aged forty-three. Multiple sclerosis. Dysphagic and bedridden for many years. 
Mineral oil intake for more than one year.) Diffuse coalescent bronchopneumonia due to «il aspiration 


pneumonia. 


— a ] Po : è vale í P . 
C, Case vi. E. K.,"female, aged sixty-nine. Debilitated and bedridden. Dysphagic and regurgitated food. 
Daily intake of oibover a long period of time. Diffuse parenchymal changes due to oil aspiration pneumonia. 


P@tmortem confirmed findings of oil aspiration pneumonia. 
^ 


. 3 i , 


x = D 
182 Morris Moel and Henry K. Taylor | Fest IUS 





Fic. 5. Case vir. T. R., male, aged sixty-five. Rheumatoid arthritis. Bedridden several years. Difficulty in 
swallowing. Daily intake of mineral oil. Persistent lesion in the basal and axillary portion of the right upper 
lobe for more than nineteen months. 


necropsy records, and we found 13 addi- Among the 20 cases the sexes were 
tional cases in 300 consecutive autopsies in equally divided. Their ages ranged from 
a period of eighteen months. These are not twenty-six to eighty-two years. In all these 
included in this report. Some of these cases cases an accompanying disease contribut- 
might have been diagnosed antemortem had ing to the development of oil aspiration 
we been thinking of oil aspiration pneu- pneumonia was present. These patients 
monia. could be divided into three groups: neuro- 
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e 
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Fic. 6. Case vit. E. G., female, aged twenty-six. Multiple sclerosis. Dysphagic and bedridden for more than 
one year; § cc. wheat germ oil daily for nineteen months. Persistent coalescent lesion in the right upper lobe 
for more than twenty-three months. & 
e 
e * 
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ic. 7. Case 1x. A. E., female, aged eighty-seven. Bedridden for the past seven months. Pulmonary roentgen 
findings have persisted for more than three months. No history of intake of oil. Clinical investigation leads 


to the diagnosis of aspiration of milk. 


logical, cerebrovascular and arthritics. In 
the neurologic group there were 6 with 
multiple sclerosis, 1 spastic pseudosclerosis, 
1 Little’s disease, and 1 cerebellar syndrome 
with cerebellar pontine tumor (operated). 
There were 4 hemiplegics in the cerebro- 
vascular group. In the third group were 7 
patients with advanced chronic rheuma- 
toid arthritis. One in this group also had an 
accompanying Parkinson’s syndrome. The 
younger age group was in the neurological 
patients. Their ages ranged from twenty- 
six to fifty-one, with the exception of one 
aged fifty-seven, with the cerebellar pon- 
tine tumor. The rheumatoid arthritics and 
hemiplegics were of the older age group. 
The predisposing and contributing factors 
in the development of oil aspiration pneu- 
monia, were the accompanying dysphagia, 
weakness and debility. 

The oil in all of our patients was admin- 
istered orally. The most common causative 
agent was liquid petrolatum given for con- 
stipation. A positive history of having 
taken considerable quantities of mineral oil 
was obtained in 12 cases. The oil intake was 


. usually an ounce, either daily or every sec- 
* 
a 


ond or third day, over a period of from two 
months to two years. Two cases, obtaining 
vitamin therapy, received wheat germ oil 
frequently for a period of one to two 
months. 

In 6 cases, no history could be obtained 
of receiving any specific oils. In these cases 
we knew that no oil had been administered 
at Welfare Hospital. We could not ascer- 
tain whether the patients had received oil 
prior to their admission. Néverthéless, the 
roentgen examination of the chests revealed 
changes suggestive of oil aspiration pneu- 
monia. One case was proved on autopsy. 
In this case no history of oil administration 
was obtained. 

All our patients received consid@able 
quantities of milk daily. This may have 
been a factor in the production of oil aspir- 
ation pneumonia in some of the cases. 

It is our opinion that a diagnosis should 
be considered in dysphagic and debilitated 
patients; particularly when serial roent- 
genograms reveal evidences of a protracted 
bronchopneumonia, even when no history 
of oil ingestion is obtainable. 

The incidence of oil aspiration. pneu- 
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monia is recognized. Because of this, oily 
medications and the use of liquid petro- 
latum have been greatly reduced at Welfare 
Hospital. 

In the diagnosis of oil aspiration pneu- 
monia the clinical signs and symptoms may 
be of little or no value. In some of our cases 
no signs or symptoms were elicited, while 
in others a few moist rales at the bases, and 
dullness were present. A few patients dis- 
closed a tow grade fever. A higher tempera- 
ture usually indicated a superimposed 
acute bronchopneumonia or some other 
infection. : 

The roentgen examinations revealed an 
increase in the size, number and density of 
the lung markings, which had a tendency 
to become confluent. The root shadows 
were enlarged. Acinous and lobular exuda- 
tive lesions were present. Some were con- 
fluent, forming larger areas of consolida- 
tion. The diminution in aeration depended 
upon the extent of the involvement. The 
peripheral portions of the lungs were not 
involved. These were superimposed upon 
diffuse interstitial changes. The findings 
were persistent and showed little or no re- 
gression. Progression was manifest with 
continued oil administration. A superim- 
posed bronchopneumonia mav be present 
which mav resolve. 

The diagnosis of oil aspiration pneu- 
monia should alwavs be considered when on 
serial sttidies there are evidences of a pro- 
tracted bronchopneumonia, in an individual 
with a history of oil administration and 
difficulty in swallowing. 

The incidence of oil aspiration pneu- 
monia will be reduced if the use of oily 
medeeations and liquid petrolatum is kept 
at a minimum, or discontinued in the aged, 
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bedridden, debilitated, and those suffering 


with dysphagia. 
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"ROÉNTGENOLOGIC "CONSIDERATIONS IN THE 
' DIAGNOSIS AND TREATMENT-OF DIAPHRAG- 
MATIC HERNIA* 


s By STUART W. HARRINGTON: ;M. D. 


Division of Surgery, Mayo Chins 
° ROCHESTER, MINNESOTA 


OENTGENOLOGY plays an impor- 


tant rôle not only in the recognition of 


_ diaphragmatic hernia but also in the deter- 


mination of the type of treatment to be 
‘instituted. 

The incidence of diaphragmatic-hernia 
probably is no greater now than 4t--was 
twenty years ago. At that time the-condi- 
tion waswthought to be uncommon aiid its 
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years is indicated by a review of e 
encountered at the Mayo Clinic between 
1925 inclusive (eighteen years) 30 instances 
of the condition were recognized clinically, 
and I4 patients were operated on: From 
1926 to September 1, 1941 inclusive (about 
sixteen years), the condi tion was diagnosed 
more than 600 times and I have operated 
on 295 patients. This study, therefore, 
shows that twenty times as many diaphrag- 
matic hernias were recognized in the last 
sixteen years as had been recognized in the 
previous eighteen years. I believe that the 
condition.is even more common than the 
present records indicate. I have routinely 
examined the diaphragm in the course of 
other abdominal operations and occasion- 
aly have found a small hernia that had 
net been recognized clinically or roentgen- 
ologically before operation. S: 

This marked increase in the kemay 
of the tecognition is due primarily to the 
development of roentgenologic methods of 
diagnosis. The clinical recognition of dia- 
ephragmatic hernia on the basis ofsubjective 
symptoms alone is often difficult., The 
symptoms are complex because -of *the 
various structures "Involved in the-hernia 
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and depend on the amount of mechanical 
interference with the function of the herni- 
ated abdolüinal viscera, on the degree of 
the impairment of the normal function of 
the diaphragm and on the amount of 
increased. pressure within the thorax caus- 
ing impairment of respiration and circu- 
lation. : 

A study; of the subjective symptoms in 


proved cages of diaphragmatic hernia has 


ole 


established..a fairly definite clinical syn- 
drome which enables the clinician in some 
instance$;fó diagnose or at least to suspect 
the presence of a diaphragmatic hernia, but 
this clinical syndrome is never pathog- 
nomonic and requires collaboration by 
roentgenologic studies to establish a defi- 
nite diagnosis before radical treatment 
should: be instituted. 

This is particularly true in certain kinds 
of herrtia especially those of the esophageal 
hiatus type in which the symptoms fre- 
quently simulate those of other organic 
disease of the abdomen and thorax. In these 


‘hiatal hernias the stomach is usually the 


only abdominal viscus inwolvedein the 
hernia. They are usually progressive sliding 
types of hernia and the symptoms vary 
with the degree and type of herniatiori; as 
the hernia progresses different clinicál diag- 
noses may-be suggested because of the 
changing-symptoms which simulate those 
of other conditions. In a series of 295 cases 
which I have treated surgically it was found 
that an average of three previous erro- 
neous clinical diagnoses had been made 
before a.correct diagnosis had been estab- 
lished. Thê&most common erroneous diag- 
noses in order of frequency were cholecys- 
titis, cholelithiasis, gastric ulcer, “duodenal 
ulcer, hyperacidity, secondary anemia, 


* Prigented at the Forty-second Annual Meeting, American Roentgen Ray Society, Cincinnati, Ohio, Sept. 23-26, 1941. 
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cardiac disease, carcinoma of the cardia, 
stritture of the esophagus, appendicitis 
and intestinal obstruction. This is of partic- 
ular surgical significance because 25 of these 
patients had been operated on previously 
for other conditions without relief of symp- 
toms, but they did obtain relief after repair 
of the hernia. 

Limited time will not permit me to. go 
into detail concerning the clinical manifes- 
tations *or surgical treatment of these 
hernias as I wish particularly to discuss 
some of the roentgenologic considerations 
which are of great assistance in the clinical 
recognition and surgical treatment of 
these hernias. 

From the standpoint of treatment, dia- 
phragmatic hernia 1s primarily a mechan- 
ical condition and the only treatment which 
wil completely relieve the condition 1s 
operative repair of the abnormal opening 
or defect in the structure of the diaphragm. 
The indications for surgical treatment and 
the methods and technique of the surgical 
procedure depend on the type, situation 
and size of the defect in the structure of 
the diaphragmatic muscle; the kind and 
amount of abdominal viscera involved in 
the hernia, and whether or not the herni- 
ated viscera are enclosed in a hernial sac. 

Many problems are associated 1n estab- 
lishing an accurate diagnosis and selection 


of effective treatment to be instituted. - 


These Problefhs are best solved by the 
close cooperation with personal confer- 
ences between the roentgenologist, clinician 
and surgeon. dE: 
Roentgenography is not only of para- 
mount importance in establishing a definite 
diagnosis of diaphragmatic hernia but it is 
of equal importance 1n ruling out other 
conditions in which the clinical symptoms 
often simulate those of diaphragmatic 
hernia, such as diverticulum of the lower 
end of the esophagus, diverticulum at the 
cardia of the stomach, cardiospasm, con- 
genital short esophagus, and total or seg- 
mental éventration of the left hemidia- 
phragm. It is also of equal value in deter- 
mining the type of diaphragmatic hernia 
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which is present, the possible situatión and 
size of the defect in the diaphragm, the ` 
amount of impairment of normal function 
of the defective diaphragm, and in deter- 
mining the presence of other complicating 
or associated conditions of the esophagus 
and stomach such as ulceration, stricture 
and neoplasm. However, the presence of 
these lesions requires confirmation by eso- 
phagoscopic examination. I believe i£ "s^ 
essential that all patients who have dia- 
phragmatic hernia should not only have 
complete roentgenographic studies but also 
thorough esophagoscopic examination be- 
fore surgical intervention. It is important 
to rule out the presence of any obstructing 
lesion of the esophagus in anf case in 
which operation for diaphragmatic hernia 
is contemplated. 

Stricture of the lower end of the esopha- 
gus Is not uncommonly associated with 
esophageal hiatus types of diaphragmatic 
hernia; these strictures often result from 
cicatricial contraction of a traumatic ulcer 
caused by the hernia. If a stricture is pres- 
ent, it should be treated by dilatation be- 
fore operation for the hernia. In some in- 
stances sufficient relief will be obtained by 
dilatation of the esophagus so that no 
surgical treatment is necessary for the 
hernia. In other instances the esophagus 
may be shortened so that the hernia can- 
not be reduced by surgical procedures. 

Carcinoma of the lower end of the 
esophagus and cardiac end of the stomach 
may be associated with diaphragmatic her- 
nia. [his is probably an unrelated condition 
although it is possible that a carcinom- 
atous change may take place in a trau- 
matic ulcer resulting from the hernia. The 
presence of this lesion usually can be de- 
termined by roentgenologic examjnation, 
but if the malignant lesion is small, it may 
be overlooked because the barium filling 
the herniated viscera may obscure the 
defect particularly in the lower part of the® 
esophagus. Malignant lesions in the cardiac 
end of the stomach may be overlooked 
because the marked deformity produced by 


the malposition of the stomach has ob¥iter- 
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ated the normal outline of the stomach. 
7 The presence or absence of these lesions 
can be best determined by preoperative. 
-esophagoscopic examination with removal 
of tissue for diagnosis. I have operated on 3 
patients who have had carcinoma in -the 
lewer end of the esophagus and 4 who have 
had carcinoma of the stomach associated 
. with the hiatal hernia. In 1 case resection 

e esophagus was performed and the 
other 2 cases were inoperable because of 
metastasis. In 3 of the 4 cases of carcinoma 
of the stomach, resection of the malignant 
lesion as well as repair of the hernia was 
performed and in 1 case the malignant le- 
sion of the stomach was inoperable.-It is 
also impdMant to determine the presence 
of an obstructing lesion of the pylorus 
which may require additional surgical pro- 
cedures at the time of repair of the hernia. 


I have operated on 2 patients who had: 


obstructing ulcers of the duodenum and 1 
who had carcinoma of the pylorus in-addi- 
tion to the hernia. 


CLASSIFICATION OF DIAPHRAGMATIC HERNIA 


Roentgenography is an important “aid 
in classifying different types of hernia, but 
it is usually difficult to make a true classifi- 
cation on roentgenologic findings alone. 

Much confusion has occurred because 
there is no standard nomenclature of classi- 
fication of the different types of diaphrag- 
matic hernia. Various classifications of 
these hernias have been made which are 
based on the embryologic and etiologic 
aspects, pathologic anatomy, the site of tlie 
opening in the diaphragm, the presence or 
absence of a sac, the content of the hernia 
and other factors. It is difficult or impos- 
sible to make most of these classifications 
clinically; accordingly, many of them are 
of little practical value. 

From a clinical and surgical standpoint, 
the history of a preceding injury is helpful 
“n establishing the diagnosis and determin- 
ing the type, urgency and prognosis of the 
operative treatment. Because of the prac- 
tical clinical and surgical significance of 


trauma, as an etiologic Lr I have sug- 
e 


Diagnosis and ed of Diaphragmatic Hernia 


Seded that diaphragmatic hernia be classi- 
fied into two main groups: nontraumdtic 
and traumatic. I have subdivided these two 
groups according to the various types. 

Nontraumatic Hernia. A nontraumatic 
diaphragmatic hernia may be congenital 
or acquired. If it is congenital, the hernia 
is attributable to embryologic deficiency 
and usually does not have a hernial sac. 
The more common sites of a congenital 
hernia which are present at birtl in the 
probable order of frequency of occurrence 
are: (1) through the pleuroperitoneal hia- 
tus (foramen of Bochdalek); (2) through 
the esophageal hiatus; (3) through an an- 
terior substernal opening (foramen of Mor- 
gagni or Larrey's spaces), and (4) through 
the gap left by partial absence of the 
diaphragm; a gap which is usually situated 
in the posterior portion of the muscle. 

If the hernia is acquired after birth, the 
sites of occurrence are: (1) through the 
esophageal hiatus (this type of hernia has a 
hernial sac); (2) through the region of 
fusion of the anlage of the diaphragm, and 
(3) at sites named ünder the congenital 
type in thé foregoing paragraph. 

Traumatic Hernia. Traumatic diaphrag- 
matic hernia may be caused by direct or 
indirect injury, or by inflammatory necrosis 
of the diaphragm. In case of indirect in- 
jury of the diaphragm, the hernia may 
occur.at any point, including points of em- 
bryolóogic fusion, but the Most cOmmon 
sites are the dome and left posterior half of 
the diaphragm. On the other hand, the 
injury may occur in the right part of the 
diaphragm. This usually is the result of a 
severe, crushing injury. When the hernia 
occurs through the esophageal openéng, 
there is a sac, but when it occurs through 
the leaf of the diaphragm there usually is 
no sac. In case of direct injury of the di- 
aphragm, the hernia may occur at any 
point and-is usually the result of penetrat- 
ing wounds, such as those inflicted by a 
gun or knife. 

Rupture of the diaphragm may be the 
result of inflammatory necrosis which, in 
turn, has been caused by subdiaphragmatic 
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Tase l ` et 
r DATA CONCERNING SITUATION, ETIOLOGY AND CONTENTS OF HERNIA ? M 
Site of Opening Cases . Causation Cases Contents of Hernia Cases 
———— —————————— (có! 
Esophageal hiatus 223 | Congenital (history | 223 | Stomach (omentum) 212 
of trauma, 17) Stomach, omentum and spleen 4 
Stomach and colon s eu 
Short esophageal type 14 | Congenital I4 | Stomach only I4 
———— — —M—— Á———— OPE — "ips 
Hiatus pleuroperi- 7 | Congenital 7 | Colon and small bowel ° 3 
tonealis Colon, small bowel, stomach and 
spleen 4 * 
Absent posterior 5 | Congenital $ | Stomach, colon, small bowel and 
fourth of left  * spleen 3 
diaphragm Colon and small bowel 2 
Foramen Morgagni 4 | Congenital 4 | Omentum only a 2 
(subcostosternal) Colon and omentum I 
Omentum, cecum, appendix, 
colon and terminal ileum I 
Left hemidiaphragm 41 | Trauma (indirect in- 41 | Stomach only 5 
(traumatic) jury, 28; direct in- Stomach and colon IO 
jury, 7); (inflam- Stomach, colon and small bowel 7 
matory necrosis, Stomach, colon and spleen 2 
4) Stomach, colon, spleen and small 
bowel 9 
Stomach, colon, small bowel 
and liver 4 
Stomach, colon, small bowel, 
spleen and liver ! 4 
Right hemidiaphragm I | Trauma (indirect in- I | Stomach, duodenum, colon, 
jury, 1 small bowel, liver (gallblad- 
der) and head of pancreas I 
Totals . 295 295 295 


abscess, or, again, ruptuse may follow 
necrosis caused by drainage tubes which 
have been introduced into empyematic 
cavjties. In these cases the opening usually 
is situated in the posterior part of the di- 
aphragm and there is no hernial sac. 
Contents of Hernia. In general, the vari- 
ous types of diaphragmatic hernia can be 
divided clinically into two main classes, de- 
pending on the abdominal viscera which are 
involved. In the first class the stomach is 
the onlysabdominal viscus incorporated in 
the hernia; the hernia usually occurs 
through the esophageal hiatus. In the sec- 
ond class, the intestines with or without 


the stomach and other abdominal viscera 
are included in the hernia. Such a hernia 
usually is of traumatic origin and is caused 
by laceration of a normal diaphragm.*It 
also may be of congenital origin and may 
result from structural deficiency | of the 
diaphragm. 

Types of Hernia Encountre in Clinic 
Series. In my experience in 295 cases in 
which ‘surgical treatment was employed,e 
the most common types of hernia are 
esophageal hiatus hernia, pleuroperitoneal 
hiatus hernia, hernia dttributable to con- 
genital absence of the posterior portion of 
the diaphragm, gubcostosternal herhia ande 
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; | 
trdümdtic hernias caused by direct or |in- stomach usually is the only abdominal 
wedirectainjury and those caused by inflam-  viscus involved in the hernia. This type of 


matory necrosis (Table r). | k hernia may progress until the entire stom- 
^. ESOPHAGEAL HIATUS HERNIAS : SHORT ESOPHAGUS 
; (congenital) 
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Fic. 1. Diagrammatic drawings of different types of esophageal hiatus hernia and some of the conditions 
which may simulate hiatus hernias roentgenologically. a. Esophageal hiatus hernia with herniation of the 
cardiac end of the stomach through the esophageal hiatus. Esophagus in normal position (para-esophageal 
hernia). 6. Esophageal hiatus hernia in which there is herniation of the greater portion of the stomach 
through an enlarged esophageal hiatus into the posterior mediastinum and associated elevation of the 
esophagus. c. Slight protrusion of the cardia of the stomach through the hiatus with sligh elevatjpn of the 
lower part of the esophagus to the upper margin of the esophageal hiatus. This is a pulsion type of hernia 
with incompetent hiatus. d. Protrusion of cardiac end of the stomach through the esophageal hiatus and 
marked elevation of the esophagus into the posterior mediastinum; incompetent hiatus. e. Congenital, 
short esophagus with partial thoracic stomach. This is not a true hernia. f. Dilatation of the lower end of 
the esophagus, cardiac antrum. This 1s not a hiatus hernia. (From Harrington, S. W. Diagnosis and treat- 
ment of various types of diaphragmatic hernia. 4m. Y. Surg., 1940, 50, 377—446. Courtesy of thë American 
journal of Surgery, Inc.) 


Para- Bs ophageal C 


ESOPHAGEAL HIATUS HERNIAS mach is contained within the hernial sac; 
Esophageal hiatus hernia is the most the colon, omentum, and occasionally the 
common kind of herniation occurring spleen also may be drawn into the hernial 
through the diaphragm that is found sac. | a 
eamong adult persons (Fig. 1). This type of I believe it is best to classify all true 
hernia is slowly progressive and is a sliding hernias through the esophageal hiatus un- 
herniation of the stomach into the posterior der the one term “esophageal Matus di- 
part of the mediastinum. It may push into aphragmatic hernia.” True esophageal hi- 
either or both sides of the thoracic cavity, atus hernias can be classed into two types: 
ebut do&s not enter the pleural cavity. The in the first type the esophagus is of normal 
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length and its lower end is not elevated 
abeve the diaphragm, but a portion of the 
stomach has herniated into the posterior 
mediastinum, beside the esophagus. This 
type of hernia is often designated as para- 
esophageal hiatus hernia. The hernias are 
usually small to moderate 1n size and rarely 
involve more than a fourth to a half of the 
cardiac end of the stomach, which is con- 
tained in the hernial sac. About a third of 
the esophageal! hiatus hernias on which I 
have operated were of this type. 

In the second type of esophageal hiatus 
hernia, the esophagus is of normal length 
but its lower énd is elevated above the 
level of the diaphragm, and the herniated 
stomach is in the posterior mediastinum. 
The size of the hernias is usually larger than 
that of the first type. From a third of the 
stomach to the entire stomach, portion of 
the omentum and occasionally a portion of 
the colon, are within the hernial sac. These 
hernias usually fill the entire mediastinum 
and. generally project into the left side of 
the thoracic cavity but they may project 
into the right side of the thoracic cavity or 
into both sides. Hernias of this type con- 
stitute about two-thirds of the esophageal 
hiatus hernias on which I have operated. 

The essential difference between these 
two types is one of degree rather than any 
fundamental difference in origin. Inasmuch 
.as these hernias are progressive in charac- 
ter and are iw reality a sliding type of her- 
nia, hernias of the first type may ultimately 
develop into those of the second type as 
more of the stomach is mcluded in the 
-hernial sac. In many cases of esophageal 
hiatus hernia there is dilatation of the lower 
end of the esophagus. This is usually more 
marked in the larger types of hiatus hernia. 

With the more frequent roentgenologic 
recognition of small esophageal hiatus her- 
nias in the last few years, two additional 
types have been recognized which may be 
consideréd pulsion types of esophageal 
hiatus hernia. In these types a small portion 
of the cardiac end of the stomach projects 
through the esophageal hiatus. These her- 
nias are probably attributable to atrophy 
of the elastic fibers of the diaphragmatico- 
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esophageal membrane together with €e- 
laxation of the circular muscle surroundings 


the esophageal opening, with a resultant 


incompetent hiatus. Recognition and differ- 
entiation of these two types are ,often 
dificult by roentgenologic examination 
alone. The establishment of the diagnosis 
is aided by an esophagoscopic examination 
which is often essential in arriving at an 
accurate diagnosis. These hernias are Mere 
commonly seen among elderly persons. In 
many instances the finding of these her- 
nias is incidental, for the patients do not 
present any subjective symptoms. How-' 
ever, in the instances in which the symp- 
toms are severe and do not respond to 
conservative measures, surgicasminterven- 
tion is necessary for relief. 

Hernias of the third type closely simulate 
the para-esophageal type of hernia except 
that they are relatively small. A definite 
hernial sac is beginning to form. The esoph- 
agus is only slightly elevated; the abdom- 
inal portion is elevated to the superior 
border of the diaphragm. The hernia may 
remain small or it may develop into a true 
para-esophageal hernia. 

In the fourth type the entire hiatus 1s 
incompetent, the cardiac end of the stom- 
ach protrudes like a funnel above the di- 
aphragm and there is a comparable eleva- 
tion of the esophagus which .enters the 
apex of the protruded portion of the 
stomach. This type does not have a true 
hernial sac and may not be considered a 
true hernia. This type of hernia can be dis- 
tinguished in diagnosis from a congenital 
short esophagus with a part of the stomach 
in the thorax and dilatation of the lower 
end of the esophagus. This is best accém- 
plished by an esophagoscopic examination 
to determine the length of the esophagus. 


CONGENITAL SHORT ESOPHAGUS 


In congenital short esophagus because of 
congenital malformation, the esophagus ig 
not long enough to permit the stomach to 
reach its normal position below the dia- 
phragm. The stomach 1s held suspended in 
the posterior mediastinum above thg dia- 
phragm. In thisetype of case the aBnormale 
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itis often considered to be an esophageal 


ehiatus,hernia, but it is not a true hernia as 


the stomach has never been below the dia- 
phragm. I believe the condition could be 
befter described as a congenitally short 
esophagus with partial thoracic stomach. 
|n my experience this condition is relatively 
rarely found at operation. I have operated 
on II patients who presented all of tlie 
raeeetgenologic signs of short esophagus but 
at the ttme of the operation I found that in 
4 cases the esophagus, although its lower 
énd was above the diaphragm, was suffi- 
ciently long to reach below the diaphragm 
when the herniated portion of the stomach 
was placed below the diaphragm. Of 
the remaing 7 cases, in 3 there was a 
slight shortening of the esophagus as- 
sociated with herniation of the cardiac end 
of the stomach and the remaining 4 were 
cases of true short esophagus with partial 
thoracic stomach. In all but one it was pos- 
sible to bring the stomach entirely below 
the diaphragm after separation of the at- 
tachments around the hiatus and the eleva- 
tion of the diaphragm resulting. from 
interruption of the phrenic nerve. In 1 case 


it was impossible to bring the stomach en- 


tirely below the elevated diaphragm and it 
was necessary to suture a small portion of 
the cardia into the hiatus when the hiatus 
was closed. This indicates that it is not 
always possible by roentgenologic methods 


. to determine the type of hernia present. I 


believe that this condition, although rare, 
Is an entity and should not be grouped with 
the true esophageal hiatus hernias. 

This condition of short esophagus, from 
an etiologic standpoint falls into two 
cl@sses: first, that in which the esophagus is 
congenitally short, which has been de- 
scribed, and second, that in which ulcera- 
tion arfl occasionally malignant neoplasm 
of the esophagus have caused cicatricial 
contraction of the lower end of the esopha- 


egus. The cicatricial contraction draws the 


cardia of the stomach above the diaphragm, 
and the condition usually is associated With 
stenosis of the lowe? part of the esophagus. 

In considering*cases of short esophagus 
efrom a Surgical standpoing, it is important 
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not to confuse them with true esophageal 
hiatus hernias, for their surgical manage- 
ment is entirely different. In cases of true 
hernia, the surgical problem is that of re- 
placement of the herniated viscera, re- 
moval of the hernial sac and repair of the 
abnormally enlarged esophageal hiatus. In 
cases of congenital short esophagus the 
surgical problem is that of reconstruction 
and elevation of the diaphragm to a position 
above the stomach; this can be, accom- 
plished 1f the congenital shortening of the 
esophagus is not too great. In those cases 
in which the stomach is elevated above the 
diaphragm because of traction of cicatrices 
following ulceration, the symptoms usually 
are relieved by dilatation of the stenosed 
esophagus. In those cases due to malignant 
neoplasms, radical removal of the lesion of 
the esophagus is to be considered. 


DILATATION OF THE LOWER END OF THE 
ESOPHAGUS WITH RELAXATION OF THE 
CARDIA OF THE STOMACH 


This condition not uncommonly simu- 
lates esophageal hiatus hernia of the pulsion 
types both roentgenologically and clini- 
cally. In order to establish a definite diag- 
nosis it is usually necessary to examine the 
esophagus with an esophagoscope as well as ` 
to carry out roentgenologic examination. 
At the time of the esophagoscopic examina- 
tion, a specimen of tissue can be removed 
from the wall at the site of dilatateon and 
studied to determine whether it is squamous 
cell epithelium of the esophagus or gastric 
mucosa of the etomach. It is important to 
differentiate dilatations of the lower part of 
the esophagus from hiatus hernias as surgi- 
cal intervention is not indicated in casgs of 
dilatation of the esophagus. 


CONGENITAL DIAPHRAGMATIC HERNIA DUE 
TO STRUCTURAL DEFICIENCIES OF THE 
DIAPHRAGM (PLEUROPERITONEAL 
HIATUS HERNIA AND CONGENI- 

TAL ABSENCE OF POSTERIOR 
PORTION OF DIAPHRAGM), 


Congenital diaphragmatic hernias at- 
tributable to congenital deficiencies of the 
diaphragm are of two principal types. The 
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stomach to drop into the abdomen’ wh&e 
undoubtedly it is a great deal of the times 


first type is the pleuroperitoneal hiatus type 
of hernia and is due to a lack of fusion of 


the pleuroperitoneal membrane and septum 
transversum which results in an opening 
through the diaphragm. The second type, 
which is the congenital absence of the pos- 
terior portion of the diaphragm, 1s a much 
larger deficiency caused by lack of forma- 
tion of the portion of the diaphragm result- 
ing from the pleuroperitoneal membrane 
and possibly the wolffan body. There are 
various gradations of the amount of defect 
so that the size of the opening varies with 
the amount of the deficiency of the forma- 
tion of the diaphragm. 

The opening in the first type is usually 
situated in the costal angle posteriorly at 
the junction of the middle and posterior 
. thirds of the diaphragm. This opening may 
extend to the chest wall and 1s usually some- 
what triangular with the apex toward the 
middle portion of the diaphragm, or 1t may 
be entirely within the structure of the dià- 
phragm where it is usually more or less 
elliptical. In this type of hernia the ab- 
dominal viscera which usually are involved 
in the hernia are the cecum, appendix, the 
ascending colon, greater portion, of the 
transverse colon and practically all of the 
small bowel. In the larger hernias which 
present posteriorly, the spleen may be in- 
volved. The stomach is usually in the ab- 
domen; 1t may be dilated markedly and at 
times extend to the pelvis. 


In the second type of hernia associated . 


with congenital absence of the posterior 
portion of the diaphragm, the same ab- 
dominal viscera are involved as in the 


' -pleuropéeritoneal hiatus type of hernia; 


these are the ascending and transverse 
colon, small bowel and in addition usually 
the stomach, spleen and left kidney. The 
roentgenologic examination is often mis- 
leading in this type of hernia, for in many 
instances at the time of the roentgenologic 
examination the stomach is found-to be in 
the abdomen and at the time of operation 
it is fousid to be herniated in the left side 
of the thorax. This, I believe, is due to the 
. weight of the barium which causes the 


during life. It doubtless goes back and forth 


through the large opening posteriorly at . 
the point where it extends up to the esqpha- — 
geal hiatus. Because of the roentgenologic 
findings of the stomach in the abdomen, 
this type of hernia may be thought to be a 
true pleuroperitoneal hiatus type of hernia 
rather than that produced by congesatal 
absence of a larger portion of the dia- 
phragm. The position of the left kidney as 
shown by the renal shadow or pyelogram 
may be helpful in differentiating between ° 
these types of diaphragmatic hernia. In the 
pleuroperitoneal hiatus type of hernia the 
kidney is in its normal position,»elow the 
diaphragm. In the type of hernia resulting 
from the absence of the posterior portion 
of the diaphragm, the kidney is usually ele- 
vated to a position above the normal dia- 
phragm in the lower part of the thorax. 

It is often difficult to determine the func- 
tion of the diaphragm in hernias caused by - 
structural deficiencies as the motion is 
usually obscured by the enormous amount 
of viscera contained in the thorax. When it 


‘can be visualized, there is usually some im- 


pairment in normal function. 

These hernias do not have a hernial sac 
and the abdominal viscera are in direct 
contact with the thoracic cavity. They pro- 
duce marked or complete collapse of the left 
lung and often marked shift of the medias- 
tinum to the right. This shifting of the 
mediastinum depends on the amount of 
distention of the herniated viscera. 

I believe that operation should be per- 
formed for these congenital types of hernia 
as soon after birth as the condition is recog- 


‘nized, for the longer the interval between 


birth and operation the greater the tech- 
nical difficulties and the greater ma be the 
hazard of operation. Inasmuch as a high 
percentage of infants born with these types 
of congenital hernia die the first few hours 
or days of life from cardiac or respiratory 
difficulty, I believe. operation should be 


performed as soon as 4 diagnosis is estab- 


lished; which often can be done by taking 
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aproerttgenogram of the thorax. At birth 

e defect is relatively smaller in proportion 
to the size of the thorax than it is later in 
life. In infants who live, the chest wall 
grows away from the posterior margin of 
the defective diaphragm because there is 
go posterior attachment. The opening 
therefore which must be closed is much 
larger as the child becomes older. Even 
themoh the diaphragmatic muscle is, re- 
laxed: by interruption of the phrenic nerve, 
there may not be sufficient diaphragm to 
Span this opening. In some instances an 
extrapleural rib resection also is necessary 
to narrow the diameter of the thorax in 
order to close the opening. 

One of&he chief dangers associated with 
the repair of these hernias is marked altera- 
tion of intrathoracic or intra-abdominal 
pressure. It is important in these cases that 
the respiratory function be maintained by 
positive pressure during the operation and 
that at the completion of the operation a 
negative pressure be obtained and secured 
in the thoracic cavity. A roentgenogram 
should be taken at the completion of the 
operation to see that there is no shift of the 
mediastinum caused by the pneumothorax. 
I do not permit the patient to leave the 
. operating table until I have seen the roent- 
genogram. If thereis any shiftin the medias- 
tinum, more air 1s withdrawn to maintain 
the mediastinum 1n the midline as shown 
by further roentgenograms. 


SUBCOSTOSTERNAL (FORAMEN OF 
MORGAGNI) DIAPHRAGMATIC 
HERNIA 


The clinical recognition of this type 
off hernia is usually entirely dependent 
on roentgenologic examination. From the 
roentgenologic standpoint the diagnosis 
may bé established readily or it may be im- 
possible to establish a definite diagnosis de- 
pending on the kind of the abdominal vis- 
ecera involved in the hernia. The defect in 

the diaphragm is anterior at the attachment 
of the diaphragm to the thoracic wall. The 
hernial opening mdy be bilateral, but it is 
usually unilateraband a little to the right of 
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the midline beneath the lower part of the 
sternum and right costal cartilages. Theab- 
dominal viscera usually involved in the 
hernia are the omentum and the omentum 
and colon which are enclosed in a hernial 
sac of peritoneum. This extends into the 
thoracic cavity beneath the pleura but does 
not enter the true pleural space. 

When the colon is involved in the hernia 
the roentgenologic diagnosis is readily es- 
tablished. The colon is visualized immedi- 
ately beneath the right anterior wall of the 
chest and may extend to the apex on the 
right side of the thoracic cavity. In one in- 
stance In which there was*a nonrotation of 
the colon, I have seen the ileocecal coil in 
this type of hernia. . 

When the omentum is the only abdomi- 
nal structure involved in the hernia, the 
roentgenologic diagnosis is difficult and 
may be impossible to establish definitely. 
The roentgenologic findings are those of 
increased density at the cardiophrenic angle 
anteriorly, usually on the right and are 
commonly thought to be due to an intra- 
thoracic tumor. In some instances the true 
diagnosis can be suspected by roentgeno- 
logic examination of the colon which shows 
the colon drawn up toward the abdominal 
side of the opening but the elevated portion 
of the colon is not always present and the 
colon may be in normal position in the ab- 
domen. I have operated on 3 patients who 
had hernias of this type which had been 
diagnosed elsewhere as intrathoracic tu- 
mors. In 1 of these the diagnosis of intra- 
thoracic tumor was confirmed at the Clinic. 
On transpleural exploration the lesion was 
found to be an omental subcostosternal 
hernia. I also have operated on 1 pagent 
who was thought to have an omental sub- 
costosternal hernia, but proved to have a 
cystic mediastinal tumor at the costo- 
phrenic angle anteriorly. If the omental 
hernia is large, the clinical symptoms also 
may suggest the diagnosis of thoracic tumor 
because of the pulmonary symptoms due to 
pressure causing partial collapse ofthe lung. 
In the smaller types of hernia containing 
omentum only, there are usually no sub- 
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jective symptoms and the diagnosis is 
usually established at operation. 


TRAUMATIC DIAPHRAGMATIC HERNIA 


These hernias may result from direct or 
indirect injury to the diaphragm and are 
probably the most readily recognized clini- 
cally as well as roentgenologically of all ty pes 
of diaphragmatic hernia. The hernia may 
occur in either the right or the left side of 
the diaphragm but it occurs much more 
commonly in the left side. The laceration 
may occur in any portion of the diaphragm 
but it is most common in the posterolateral 
portion and dorhe of the diaphragmatic 
muscle. The laceration may extend across 
the entire leaf of the diaphragm and oc- 
casionally extends into the opposite side of 
the diaphragm. These lacerations occasion- 
ally split the esophageal hiatus but in most 
instances the circular muscle of the hiatus 
remains intact. There is: usually only one 
opening but there may be multiple open- 
ings. The laceration is usually in the sus- 
pended portion of the diaphragm but 
occasionally may involve the attachment 
of the diaphragm to the wall of the chest. 
In some instances the attachments may be 
almost completely torn from the chest wall. 
The laceration involves the entire width of 
the diaphragmatic muscle producing a 
direct communication between the abdomi- 
nal and the thoracic cavity and there is no 
hernialesac. The condition may be more 
properly termed an evisceration than a 
true hernia. 

Any of the abdominal orgams except those 
in the pelvis may be involved in these 
hernias. The most common are the stomach, 
largg and small bowel, spleen and liver. 
Roentgenologically the entire thoracic cav- 
Ity 1s seen to be filled with hollow viscera 
which may extend to the apex of the thorax 
causing almost complete collapse of the 
lung with marked displacement of the 
mediastinum. In lacerations in the right 
half of the diaphragm the shadow of the 
liver may be seen above the diaphragm. It 
is usually difficult to determine the situa- 
tion of the laceration in the diaphragm or 
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the function of the diaphragm by to 


genologic examination because of the.pres? 
ence of the mass of herniated viscera which 
obscures the diaphragmatic muscle. Lacera- 
tions of the diaphragm involving , the 
esophageal hiatus may be suggested roent- 
genologically by elevation of the lower end, 
of the esophagus with the cardia of the 
stomach into the thoracic cavity. 
Inflammatory Necrosis. 
hernia may be termed a "traumatic Rernia" 
and 1s one of the rarest types of diaphrag- 
matic hernia. It is produced by an inflam- 
matory necrosis of the diaphragm caused 
by rupture of a subphrenic abscess through 
the left half of the diaphragm. The acute 
condition may have preceded thgdiagnosis 
of hernia by months or years. These hernias 
usually occur in the dome of the diaphragm 
and do not involve the hiatus; they do not 
have a hernial sac. The stomach or stomach 
and bowel may be involved in the hernia. 
While the diagnosis is essentially a clinical 
consideration these hernias do have some 
suggestive roentgenologic findings; namely, 
thereisarelatively small portion of stomach 
or bowel involved in the hernia; a small seg- 
ment of stomach may be herniated through 
the diaphragm, and the herniated viscera 
are very adherent to the hernial opening 
and to the under surface of the lung. 
These -hernias often present a difficult 
surgical problem because of the enormous 
number of adhesions fixing the herniated 
abdominal viscera to the diaphragm, which 
require careful dissection. There is often 
some loss of structure and thinning out of 
the diaphragmatic muscle. These hernias 
are repaired by overlapping the margins of 
the opening after carefully dissecting the 
viscera from the diaphragm and the mar- 


gins of the opening. 
e 


POSTOPERATIVE MANAGEMENT 


Roentgenography is also important in the 


immediate and subsequent postoperative e 


management of surgical patients. 
At the completion of all operations for 
diaphragmatic hernia, I routinely have 


_..roentgenograms made and read beforg the 


This typeweot . 
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It issextremely important to determine the 
presence or absence of any abnormal condi- 
tion or position of the intrathoracic viscera 
and if some abnormal condition is present, 
it should be corrected before the patient 
leaves the operating table. 

Two of the more important immediate 


postoperative conditions which imperil the 


` r@fovery of the patient following operation 


are displacement of the mediastinum to the 
side opposite the operation, and pulmonary 
congestion. If these conditions are presént, 
they seriously interfere with cardiac and 
respiratory function and the result may be 
death if they are not immediately relieved. 
Mediastseal displacement is due to pneumo- 
thorax and must be relieved immediately 
by the withdrawal of sufficient air to pro- 
duce a negative intrathoracic pressure and 
bring the mediastinum to the midline. 

Pulmonary congestion is due to the re- 
tention or aspiration of secretions and is 
best relieved by immediate bronchoscopic 
aspiration of the lung. 

Patients who require immediate post- 
operative treatment should have a second 
roentgenogram made and read after the 
treatment has been instituted to be certain 
the condition has been corrected before 
they are taken from the operating table. 

One of the important subsequent post- 
operative conditions that may develop is 
pleural effusion from trauma of the pleura. 
The pleural effusion may be slight and 
gradually absorb and require no treatment. 
It may become progressively more marked 
causing respiratory and cardiac difficulty 
and require pleurocentesis. 


COMMENT 


I dg not believe it is possible to overesti- 
mate the value of roentgenography in the 
diagnosis and treatment of diaphragmatic 
hernia. The advent of roentgenography 
made possible_the clinical diagnosis. The 
marked improvement in roentgenglogic 
methods of diagnosis which has taken place 
in recent years is of great value in the 
clinscal and surgical management of this 
e e 
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fi is taken from the operating room. 
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group of cases. I am certain that increased 
knowledge which is now obtainable before 
Operation in regard to these hernias is an 
important factor in decreasing the operative 
mortality which is relatively small consider- 
ing the magnitude of many of these opera- 
tive procedures. Ín this series of 295 
operated cases there were 12 deaths, or a 
mortality of 4 per cent. | 


DISCUSSION a 


Dr. B. N. Carter, Cincinnati, Ohio. It is fit- 
ting that the subject of hernia through the dia- 
phragm be discussed before a group of roent- 
genologists, for it is largely due to the improve- 
ment in their technique, to their interest, and to 
their endeavor that diaphragmatic hernia has 
reached its present position of prominence in 
the surgical world. In many instances the diag- 
nosis based on signs and symptoms is extremely 
difficult because the disease so readily simulates 
many other conditions in the respiratory tract 
or gastrointestinal symptoms. Both roentgenog- 
raphy and roentgenoscopy are important in es- 
tablishing the diagnosis, but even with their 
help the diagnosis may often be missed or long 
delayed. It is the old story of first thinking of 
the disease, after which the diagnosis may be 
ruled in or out. We are now becoming more and 
more conscious of the condition of diaphragmat- 
ic hernia and consequently we should diagnose 
it more and more accurately in the future. 

Few surgeons have been as fortunate as Dr. 
Harrington in seeing and treating such a large 
number of cases of diaphraggnatic hernia. He 
has been able to formulate certain rules of man- 
agement and of operation which have been of 
the greatest benefit to surgeons every where; for 
example, his classification of diaphragmatic her- 
nia is sound and is the accepted ong at present. 
Many points in the technique of his operation 
have been universally adopted. Rather than at- 
tempt a general discussion of his paper, I will 
focus my attention on one or two aspects of the 
subject. 


In the first place, it seems to me to be essen- - 


tial to look at congenital diaphragmatic hernia 
from the point of view of the age of the given pa- 
tient as well as of the anatomy of the condition. 
I say this because the treatment ofe given case 
depends considerably on this fact. It has been 
estimated that 75 per cent of infants with con- 
genital hernia through the diaphragm die before 


si 
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the end of their first month of life, and that a 
further number of the remaining 25 per cent die 


" of their disease during the early years of child- 


hood. On the other hand, if a given patient has 
survived his childhood, the chances are great 
that he will live out his normal span of life in 
spite of the hernia, though he may be greatly in- 
convenienced by it. The surgical significance of 
these facts from the point of view of treatment 
is very clear, namely, infants born with dia- 
phragmatic hernia have their best chance of 
survival ifsthey are operated upon as promptly 
as possible after birth, whereas older patients 
may be temporized with, treated palliatively, 
and operated upon when such a procedure is in- 
dicated. There is obviously little excuse for ex- 
pectant treatment in the case of infants with 
diaphragmatic hernia 1f 75 per cent of them are 
going to die under such therapy. Infants stand 
operative procedures surprisingly well and I feel 
that early operation offers them their best 
chance. This fact is not appreciated widely 
enough either by pediatricians or by general 
surgeons. 

In the second place, I would like to say a word 
or two about congenital diaphragmatic hernia 
occurring on the right side. These hernias are 
rare, and are said to occur in about 9 per cent of 
all congenital hernias. Such hernias usually oc- 
cur through the parasternal space, though occa- 
sionally they may be seen to enter the chest 
through the pleuroperitoneal space. The pres- 
ence of the liver beneath the diaphragm is prob- 
ably the reason for the small number of hernias 
occurring through the right diaphragm. The 
most common. viscus involved in right-sided her- 
nia is theetransverse colon, and since the open- 
ing in the diaphragm at the parasternal space is 
small, obstruction is very apt to occur in these 
cases. The two parasternal hiatgses lie one on 
each side of the xiphoid process. A hernia com- 
ing through the left hiatus may push its way 
into the right chest, and vice versa. These two 
facts "re strong indications for the abdominal 
operative approach to parasternal hernias. A 
transthoracic approach is difficult because the 
opening in the diaphragm is inaccessible through 
the thorax and also because, if the hernia comes 
through an opening on the left side and has 
pushed its way into the right, obviously one 
would have to go through the anterior medias- 
tinum into the opposite chest 1 in order to close 
the defect. 
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Personally, I prefer and have used the s 


thoracic approach in all the cases of hernia 
through the diaphram which I’ have operated 
upon, except the parasternal ones. I like this ap- 
proach because it gives a wide and easy expo- 
sure to the diaphragm, because sutures car? be 
placed accurately from above without fear of 
damaging the heart, great vessels, and esopha- * 
gus. I recall vividly one traumatic diaphragmat- 
ic hernia which I did transthoracically. The 
tear in the diaphragm extended right to fhe 
lower surface of the pericardium. Had 1 been 
below the diaphragm, I believe I would cer- 
tainly have damaged the heart in my attempt 
to suture the rent in the diaphragm. If there are 
adhesions present, as is commonly the case in 
chronic traumatic hernia, the transthoracic ap- 
proach is much preferable. It 1s said that reduc- 
tion of the hernial content is difficuf€ through 
the opening in the diaphragm if one is working 
through the thorax: I have not found this to be 
the case except in one instance where, after en- 
largement of the ring, the hernia was readily re- 
duced. By opening the ring widely one can ex- 
plore the upper abdomen easily and can be sure 
that the replaced intestine is in satisfactory po- 
sition. If the transthoracic approach is used, it 
is a very simple matter to crush the phrenic 
nerve at this operation rather than perform a 
phrenicotomy in the neck. We crush the phrenic 
nerve in all of our operations and feel that this 
is important. The rest afforded the diaphragm 
makes the suturing of it a simpler matter and 
aids in the healing of the diaphragm. 

Dr. HanniNGTON (closing). I thank Dr. Car- 
ter for his discussion and am pleased that he has 
emphasized the importance of early operation 
in congenital diaphragmatic hernia and the dif- 
ficulties which are occasionally encountered in 
establishing a diagnosis in the subcostosternal 
types of hernia, particularly in those cases in 
which the omentum is the only abdominal struc- 
ture involved in the hernia. In these cases it js 
often impossible to differentiate this type of 
hernia from intrathoracic tumor. However, 
when the colon is involved in this type of hernia 
they are probably the most easily recognizable 
of all types of diaphragmatic hernia by the in- 
jection of opaque material into the colon show- 
ing it extending above the diaphragm from the 
right cardiophrenic angle along the anterior 
chest*wall and usually extending into the right 
thoracic cavity. : 
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J CARCINOMA OF THE HEAD OF THE PANCREAS 


DEMONSTRATING THE NEW SIGNS IN 


ROENTGEN DIAGNOSIS* 
" CASE REPORT 
By PAUL S. FRIEDMAN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


^L HE roentgen diagnosis of enlargement 

of the head of the pancreas, and in 
turn, of carcinoma of the head of the pan- 
creas, was traditionally dependent upon 
gross changes such as marked widening of 
the duodenal curve. Recently, however, 
largely due to the efforts of Frostberg and 
Feldman, closer attention has been paid 
to the eatly mucosal changes in the duo- 
denum accompanying enlargement of the 
head of the pancreas. They have, in par- 
ticular, described an inverted 3 pressure 
filling defect, characteristically seen along 
the internal aspect of the duodenal curve, 
as well as accompanying distortion of its 
mucosal pattern, with changes in contour 
of the ampullary portion of the duodenum. 

The following case report is interesting 
because of its demonstration of these signs. 
The operative and autopsy data are also 
interesting. 

CASE REPORT 

A white male, aged fifty-seven, was admitted 
to Jefferson Hospital with a history of per- 
sistent epigastric discomfort of about seven 
months’ duration, accompanied by a gradually 
progressive yellowish discoloration of the skin, 
generalized pruritus, and weight loss of about 
30 pounds. 

Physical examination revealed the presence 
of emaciation and jaundice. The abdomen was 
sfaphoid in type with moderate epigastric 
tenderness. The liver was firm and enlarged, ex- 
tending to the right iliac crest. 

Laberatory studies revealed a prolongation 
of prothrombin time which was remedied by 
the administration of vitamin K. Liver function 
was depressed, with a positive direct Van den 


Bergh, and a quantitative Van den Bergh of 


16.4 mg. E r3 
Roentgen examination of the gastrointestinal 
tract revealed the pyloric antrum to be de- 


formed and widened apparently by extrinsic 
pressure. The descending duodenum was noted 
to be somewhat rotated, with widening of its 
mucosal folds. On its lateral aspect, correspond- 
ing to its posterior wall, there was present a 
figure 3 filling defect (see Fig. 1 and 2). In- 





` . - * 
Fic. 1. Demonstrating the figure 3 defect along the 
external aspect of the duodenum (see diagram), 


cidentallv, diverticula of the descending duo- 
denum and upper jejunum were visualized. 

At operation, a distended gallbladder with a 
dilated common bile duct about § cm. in 
diameter was found. The head of the pancreas 
formed a stony hard mass which involved the 
ampulla of Vater. On the under surface of the 
liver a firm white nodule was ‘present. A 
choledocho-duodenostomy was performed. 


e 
" Feb the Department of Radiology, Jefferson Hospital and Medical College, Philadelphia. 
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The patient died a week following operation, 
.after&’ comparatively mild postoperative course 
with symptoms of fever, dyspnea, non-produc- 
tive cough and chest pain. 

Postmortem examination revealed an adeno- 
carcinoma of the head of the pancreas, with 
metastases to the liver and hepatic hilar lymph 





Fic. 2. Demonstrating distortion of the mucosal 
pattern of the duodenum (see diagram). Note the 
diverticulum along the external aspect of the 
duodenim. E 


nodes. The head of the pancreas was firm and 
enlarged, measuring 5 cm. in diameter. The 
immediate cause of death was an acute fibrino- 
purulent peritonitis, apparently due to leakage 


from the site of the choledocho-duodenostomy. 
* 
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A case of carcinoma of the head of the 
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pancreas is presented, which demonstrate 
distortion of the mucosal folds 


of the duo- 
denum, evidence of rotation of the duo- 
denum and a figure 3 filling defect. This 
defect apparently represents evidencee of 
pressure of the enlarged head of the pan- 
creas upon the ampullary portion of the 
duodenum. In this case, although it was 
not as sharply demarcated as in some of the 
cases of Frostberg and Feldman, it was Well 
visualized. However, instead of appearing 
as an inverted figure 3 defect along the 
internal aspect, it appeared as a figure 3 
defect along the external aspect. This was 
due to the factor of rotation; the defect 
apparently represented pressure along the 
posterior wall of the descending dwodenum, 
but due to the accompanying rotation of 
the duodenum it appeared externally. This 
rotation was further indicated by the pres- 
ence of the duodenal diverticulum along 
the external aspect; it probably originated 
internally and was rotated externally. 
Thus, the roentgen diagnosis here was 
largely dependent upon the distortion of 
the mucosal folds of the duodenum, evi- 
dence of rotation of the duodenum with 
displacement of a diverticulum to an ex- 
ternal position; the presence of the figure 3 
defect was interesting confirmatory evi- 
dence. Similar pressure upon the pyloric 
antrum was evident. 
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J ‘THE DIAGNOSIS OF POSTERIOR PROTRUSION 


OF THE INTERVERTEBRAL DISC 


s WITH SPECIAL REFERENCE TO (1) ITS 


DIFFERENTIATION FROM 


* CERTAIN DEGENERATIVE LESIONS OF THE DISC AND ITS 


RELATED STRUCTURES AND ( 


(2 THE INTERPRETATION 


OF CONTRAST MYELOGRAPHY* 
By THOMAS HORWITZ, M.D.1 


PHILADELPHIA, PENNSYLVANIA 


N EXTENSIVE literature has accu- 

mulated on the subject of lesions of the 
intervertebral disc and its adjacent struc- 
tures, more particularly with reference to 
posterior protrusions of the intervertebral 
disc into the vertebral canal and/or inter- 
vertebral foramen (Saunders and Inman," 
Bradford and Spurling’). Large series of 
cases, in which this latter lesion has been 
demonstrated at operation as a cause of low 
backache and the sciatic syndrome, have 
been reported from certain clinics (Love 
and Walsh,” Barr and Mixter,! Bradford 
and Spurling’). Although the diagnostic 
criteria for this lesion have been specifically 
defined, and although the enthusiasm of 
certain investigators regarding the bene- 
ficial results following laminectomy in 
these cases is reflected in their clinical re- 
ports, there remain certain features re- 
garding both phases, diagnosis and therapv, 
which require clarification. 

There are some observers (Semmes,"? 
Bradford and Spurling,;??" Spurling and 
Grantham,” Dandv?) who feel that the 
diagnosis and accurate localization of pos- 
terior protrusion of the intervertebral disc 
may be determined in a high percentage of 
cases from the clinical signs alone, with or 
without the aid of a spinal fluid examina- 
tion. Most investigators, however, continue 
to rel on the contrast myelographic study 
as an aid in the diagnosis and localization 
of this lesion. This examination, despite the 
criteria specified by Hampton and Robin- 
son,” Robinson, Hampton,” Camp,** and 
others, has not proved to be an infaflible 

* 


e 
diagnostic measure even in their expe- 
rienced hands, although the preoperative 
roentgenographic diagnoses have been sub- 
stantiated at operation ir? well over 9o per 
cent of their cases. Such errors, however, as 
positive myelographic interpretations with 
negative operative findings, or negative 
mvelographic interpretations in the pres- 
ence of intraspinal lesions, demand elucida- 
tion. These difficulties are exemplified in 
the cases in Figure 1. 

There are a certain number of cases of 
low back pain, with or without the sciatic 
syndrome which, in my experience and in 
the experience of others, have failed to 
make a satisfactory recovery, despite the 
removal of a demonstrable posterior pro- 
trusion of the intervertebral disc. The ex- 
planations offered for such failures have 
varied: the posterior disc protrusion might 
have recurred; there might have been other 
disc protrusions at other levels that were 
not recognized; the posterier disceprotru- 
sion might have been only partly or not at 
all responsible for the disabling syndrome; 
or the type ofeurgery performed (laminec- 
tomy) might have been insufficient. With 
regard to this last suggestion, it is note- 
worthy that Barr and Mixter! observegl, in 
an extensive series of cases, that only 52 
per cent of those patients who had had 
laminectomies without subsequent spine 
fusion had no complaints, but that 75 per 
cent of those who had had the combined 

operation considered their backs of normal 
strength. While Farrell and MacC racken® 
have even suggested that spine füsion alone 


* From the Daniel Baugh Institute of Anatomy, Jefferson Medical College, Philadelphia; Director: Dr. J. Parsons Schaeffer. 
| Cgiinna Borden Kedh Research Fellow, Jefferson Medical College, Philadelphia. 
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might be as effective as laminectomy and 
spite fusion, it is unlikely that successful 
treatment of the root compression could 
omit the removal of the protruding disc 
material that is compressing the sciatic 
nerve components. 

The following observations by the writer, 
in one hundred spines of humans whose 
ages had varied between forty and eighty 
vears, may throw some light on these 
problems. 


THE SIGNIFICANCE OF DEGENERATIVE LE- 
SIONS OF THE INTERVERTEBRAL DISC AND ITS 
RELATED STRUCTWRES IN THE DIFFERENTIAL 

DIAGNOSIS OF POSTERIOR PROTRUSION 

OF THE INTERVERTEBRAL DISC 

It is essential to recognize that other 
lesions, which are largely the result of de- 
generative processes that involve the inter- 
vertebral disc, ligamentum flavum, and the 
adjacent bony structures, may produce de- 
fects in an intraspinal column of contrast 
medium that are characteristic of an extra- 
dural lesion. These lesions are often asymp- 
tomatic (Horwitz, Duncan, Seybold, 
Hotchkiss and Kahler’). 

Posterior bulging of the entire inter- 
vertebral disc, without localized herniation, 
Is a common finding in adult cadaver ma- 
terial. The entire disc, in these instances, 
invariably shows advanced degenerative 
disease. The posterior protrusion is formed 
not onle by tlfinned disc material bulging 
dorsalward, but also by the underlving 
hy pertrophied posterior margins of the ad- 
jacent vertebrae. In my mattrial, posterior 
bulging of the annulus fibrosus across the 
entire width of the disc, without true herni- 
atiog, was observed in 25 instances between 
the fifth lumbar and first sacral vertebrae, 
in 22 instances between the fourth and 
fifth lumbar vertebrae, in 12 instances be- 
tween the third and fourth lumbar verte- 
brae, in 4 instances between the second 
and third lumbar vertebrae, in 2 instances 
between the first and second lumbar verte- 
brae, and in 1 specimen between the 
twelfth thoracic and first lumbar vertebrae 


(Fig. 2, a and 4; Fig. 3, c and 4; Fig. 4; 
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Fig. c, a and 7; Fig. 6 and 7). Localiz 
(unilateral) posterior disc protrusion,ewith 
evidence of degenerative disease of the re- 
mainder of the intervertebral disc, wgs 
observed in § instances (once each between 
the fifth lumbar and first sacral, the fourth 
and fifth lumbar, the third and fourth lum-e 
bar, and the first and second lumbar verte- 
brae, and twice between the second and 
Mid lumbar vertebrae) (Fig. 8 and 97. 
Degeneration of the intervertebral 


disc with subsequent narrowing of the in-, 


tervertebral space mav be associated with 
a settling of the upper vertebral body 
downward and backward on the vertebral 
body below, so that the posteroinferior 
border of the upper vertebral bady and the 
overlying disc material projects posteriorly 
into the neural canal. This apparent ‘‘pos- 
terior displacement of the vertebral body" 
is not infrequently exaggerated by bony 
proliferation of this posteroinferior margin. 
In my material, the posterior margin of the 
hfth lumbar vertebra extended posterior 
to that of the sacrum a distance of 2/16 
inch or more in 11 specimens (Fig. 3, a and 
b; Fig. 5, c and d; Fig. 6 and 7). 

Apparent forward bulging of the liga- 
mentum flavum, often constricting the in- 
tervertebral foramen, has been demon- 
strated in some specimens to be due to for- 
ward projection of the ligamentum flavum, 
often of normal thickness, by marginal 
bonv proliferation of the underly’ ing facets 
of the apophyseal joint. In my material, 
this lesion was encountered between the 
fifth lumbar and first sacral vertebrae, in 4 
specimens bilaterally and in 1 specimen uni- 
laterally and on the right, and between the 
fourth and fifth lumbar vertebrae in 1 spec- 
imen bilaterally, and in 2 specimens uni- 
laterally and on the right (Fig. 356 and 
d; and Fig. 7). 

That these lesions may be asymptomat- 
ic, even though they encroach upon the 
lumen of the neural canal, may be ex- 
plained in the lumbar region by the fact 
that the vertebral canal is large in this 
region and that the cauda equina is dis- 
placed within a wide rangè before pressure 
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lic. 1. Myelograms in (a) a twenty-seven year old female, (4) a thirty-nine year old female, and (c and 4) 
a forty-four year old male, showing defects in the column of lipiodol which were constant. Each case pre- 
sented a unilateral sciatic syndrome and a clinical picture consistent with a diagnosis of an intraspinal 
lesion, possibly a posterior protrusion of the intervertebral disc. Laminectomy, performed at the proper 
level in each instance, failed to disclose any intraspinal lesion. There was no demonstrable involvement of 
the intervertebral disc, and the ligamentum flavum was of normal thickness, with a normag histologic 
structure. Complete recovery, for no apparent reason, followed the laminectomy in case (a), *partial re- 
covery occurred in case (4), and there was no postoperative improvement in case (c-4). 
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l'1G. 2. Midsagittal sections of the lumbar spine in (a), (4) and (2), and of the lower thoracic spine in (e). 
Degenerative disease of the intervertebral disc with posterior protrusion into the spinal canal and encroach- 
ment of the corresponding intervertebral foramen is demonstrated in (2) between the fifth lumbar and first 
sacral vertebrae, and in (7) between the fifth lumbar and first sacral and between the third and fourth 
lumbar vertebrae. In (c) there is degenerative disease of many of the intervertebral discs of the lower 
thoracic,segments, with protrusion of disc material into, the spongiosa of the adjacent vertebral bodies. 
The arrews in this illustration indicate two slight posterior protrusions of disc substance. In (4) the inter- 
vertebral disc between the fourth and fifth lumbar vertebrae has undergone advan€ed degenerative changes 
—narrowing, dehydration, fragmentation, and "brown degeneration," but there iso demonstrable pos- 


terior protrusion of disc material. / 
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liG.e. Midsagittal sections of the lumbar spine. In (a) and (4) the posteroinferior margin of the fifth lumbar 
vertebra lies dorsal to the posterosuperior border of the sacrum, and, with the overlying disc substaffce, 
projects into the lumen of the spinal canal. In (c) and (d) there is advanced degenerative disease of all of the 
intervertebral discs with posterior protrusions at the level of the discs between the fourth and fifth lumbar 
and betfeen the fifth lumbar and first sacral vertebrae. The forward bulging of the ligamentum flavum at 
these levels was shown to be due to hypertrophy of the underlying articular facets. 


effects are produced, its components being 
fixed only at their origin and at their exit 
from the dural canal. This is well demon- 
strated by the absence of objective neuro- 
logic findings in most cases of advanced 
Lid end in which lesion there is a 


marked encroachment on the neural canal. 
An intraspinal lesion in the cervical and 
thoracic regions, on the contrary, cannot 
assume much size without compressing 
some conductive nerve pathway and ex- 
pressing itself clinically. In the cadaver 





Mic. 4. In (a) and (c) the dural sacs of two lumbar 
spines have been opened posteriorly, following 
complete laminectomy; (4) and (4) are correspond- 
ing mi&agittal sections. 

The posterior protrusions of disc substance 
Which are associated with degenerative disease of 
the disc between the fifth lumbar and first sacral 
vertebrae in (4) and between the twelfth 
thoracic and first lumbar vertebrae in (4) encroach 
at these levels on the lumen of the dural sac in (a) 
and in (c), respectively. 


material of Duncan,’ while the nerve roots 
and the spinal cord sometimes showed gross 
evidence of compression and deformity as 
a result of these degenerative lesions, no 
specific microscopic nerve changes were 
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directly attributable to these lesions, dd 
the changes were insufficient to acco®nt for 
functional disturbance. | 
There is a growing appreciation that.the 
localized tv pe of posterior protrusion ®f the 
intervertebral disc, to which a specific 
clinical picture is attributed and in which 
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relief is often so spectacular following ex- e 


cision of the compressing lesion, not jnfre- 


^ 


quently originates from the effects of «9 


trauma, single or repeated, on a» inter- 
vertebral disc that already demonstrates some 


degree of degeneration (Saunders and In-, 


man," Donohue’). No consistent relation 
has been observed between changes such as 
narrowing of the intervertebral disc or 
marginal bony proliferation @esions that 
manifest themselves on the ordinary roent- 
genogram of the spine) and the occurrence 
of posterior disc protrusions (Fig. 2, d; 
Fig. 10,4 to d; Fig. 12, c and d). The major- 
ity of disc protrusions have been reported 
In patients in the fourth and fifth decades 
of life and involve the lower lumbar verte- 
brae, when and where degenerative phe- 
nomena are most common in the spine. 
The occurrence of multiple disc lesions in 
the same individual (Love and Walsh") 
mav be taken as evidence of the relation of 
this lesion to degenerative disease of the 
intervertebral disc. 


MYELOGRAPHY IN THE DIAGNOSIS OF 
TERIOR PROTRUSION OF THE INTERVERTE- 
BRAL DISC IN THE LUMBAR SPINE, AND THE 
DIAGNOSTIC LIMITATIONS OF THIS 
PROCEDURE 


POS- 


The anatomic features of the normal and 
abnormal myelograms of this lesion have 
been defined by Hampton and Robinson,” 
and Robinson," and they have been cor- 
roborated in my anatomic materjal. The 
advantages and disadvantages of the vari- 
ous types of contrast media and, in the 
instance of iodized oil, the quantity of 
medium to be employed, are controversial 
subjects that will not be discussed in this 
presentation. e 

The Normal Myelogram. The spinal cord 


terminates in the conus medullaystat the 
e 6 
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"1G. 5. In (a) and (c) the dural sacs of two lumbar spines have been opened posteriorly, following complete 
laminectomy; (4) and (4) are corresponding midsagittal sections. 
The posterior protrusions of disc substance which are associated with degenerative disease of the discs 
ebetween the third and fourth lumbar and between the fifth lumbar and first sacral vertebrae in (4), and 
between the fifth lumbar and first sacral vertebrae in (7), encroach at these levels on the lumen of the dural 
sac in (a) and in (c), respectively. The extradural defect in (7) is exaggerated by the downward ahd poste- 
rior displacement of thegifth lumbar body, so that its posterior border lies dorsal to that of the sacrum. 





Fic. @ (a) pofteroanterior and (é) lateral lipiodol 
laminagrams, (c) intraspinal view after opening 
the dural sac posteriorly, and (d) midsagittal view 
of a lumbar spine with advanced degenerative dis- 
ease of the vertebrae and the intervertebral discs. 
Attentgon is called specifically to the encroach- 
ments on the spinal canal, observed in all of these 
e ews, at the levels of all of the lumbar interverte- 
bral discs, except that between the fourth and fifth 
lumbar vertebrae. The constricting lesion at the 
level of the lumbosacral disc is due, anteriorly, to 
posterior bulge of disc substance and the project- 
ing posteroinferior margin of the fifth lumbar 
body, and, laterally, to proliferative changes in 
the zygapophyseal joints. 


top of the second lumbar vertebra, and 
from its periphery arise the sensory and 
motor divisions of the lumbar and sacral 


nerve roots. The opaque medium, utilized 
in contrast mvelographv, is injected into 
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the subarachnoid space, and is delim 
externally by the arachnoid membr ape am 
internally by the pia mater. Where a nerve 
root leaves the dural sac, It creates an — 
pocketing or arachnoid pouch as it sarries4 
with it a portion of the three meningeal 
layers as its sheath. Due to the intimaée 
contact of the nerve root to the lateral wall 
of the dural sac, some part of the root, 
rather than the wall of the lumbat sac, 
forms the lateral outline of the m yelogr ram. 
The lateral, triangular-shaped projections 
correspond to the lower portions of the 
arachnoid out-pocketings that do not con- 
tain nerve root and therefore fill with con- 
trast medium. The upper portion of these 
pouches fills only to a variablg degree, but 
these “streaks” serve to delineate the nerve 
root. The apices of the triangular shadows 
demarcate approximately the termination 
of the dural sheaths of the nerve roots. 
Hampton and Robinson” and Robinson! 
have shown that, if the nerve outline is not 
distinct, this may be determined by uti- 
lizing the constant relationship that the 
lateral wall of the dural sac and the 
sheathed portion of the nerve root bear to 
the inner border of the bony pedicle 
(Fig. 11). 

The Abnormal Myelogram. defect in 
the outline of the contrast medium, to be 
of significance, must be constant and should 
be ascertained on more than one view. The 
size of a constant defect in the column of 
contrast medium does not predict the true 
size of the underlying pathologic lesion. 
Much of the lesion may be beyond the con- 
fines of the neural canal and it will there- 
fore create only a minimal defect. On the 
other hand, the size of the defect may be- 
come exaggerated bv changes in the nerve 
roots. 

Since the majority of localized “posterior 
disc protrusions present to one side of the 
midline, the classic defect on the myelo- 
gram will be a unilateral indentation which 
overlies, entirely or in part, the correspond- 
ing intervertebral space. The lesion, since 
it is anterior, will be visualized best in the 
prone and prone-oblique views. eln the 
lateral view, tkis unilateral defea€t may be 


ks eeu defect that they may be detected, 
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overshadowed fand obscured. Small mid- 
$ Ye Ppotrusions may produce so minimal a 


iy by the critical study of the moving 


6 - . * 
*colurgn of contrast medium; a large mid- 


line lesion may obstruct the column par- 
tyally or completely. If the lesion extends 
across the entire width of the disc, there 
will be produced a bilateral defect on the 
postéroanterior view. A similar, symmetri- 
cal defe¢t with a clear central channel will 
be produced by bilateral hypertrophy of the 
ligamentum flavum, and will also be pro- 


"duced by the degenerative type of disc 


lesion with posterior bulging of disc mate- 
rial and underlying hypertrophied bone, a 
lesion previously referred to (Fig. 2, 3, 4, 
5, 6, 7 and 9). The basis for this “hour- 
glass" type of defect is the triangular con- 
formation of the neural canal in the lower 
lumbar spine. A unilateral defect, with its 
upper and lower limits sharplv defined, 
may be produced by unilateral hypertrophy 
of the ligamentum flavum. It might also be 
produced by anterior bulging of a ligamen- 
tum flavum of normal thickness and over- 
lying a hypertrophied articular facet (Fig. 
3, c and d; and Fig. 7). In these instances 
the lateral view of the column of contrast 
medium will demonstrate an anterior or 
posterior indentation, or both, since disc 
and ligamentum flavum lesions may coex- 
ist. The abnormal myelogram may be 
further modified by evidence of nerve root 
displacement. In addition, evidence of 
edema of the nerve root may express itself 
by the additional indentation of the main 
column of contrast medium or by oblitera- 
tion of the shadow of its nerve sheath and 
dural outpouching. Asymmetry of these 
axilary pouches may occur normally, and 
this defect, when constant, as with other 
constan? defects in the myelogram, must 
be evaluated in the light of the clinical 
findings. 
€. Possible Factors in Negative Myelography 
in the Presence of Positive Operative Find- 
Ings. : 
1. Normal Anatomic Factors. These 
have Been emphasized by Hampton and 
Robinsory? and Robinson. 


Posterior Protrusign of the Intervertebral Disc 


a. The majority of posterior disc protru- 
sions have been observed between the 
fourth and fifth lumbar vertebrae and be- 
tween the fifth lumbar and first sacral 
vertebrae. Since the fifth lumbar nerve is 
intradural as it crosses the fourth lumbar 
disc, a posterior protrusion of this disc 
cannot compress this root without creating 
a defect in the outline of the lumbar sac. 
This root leaves the canal above the lumbo- 
sacral (fifth lumbar) disc, and it wild not be 
affected by a posterior lesion of the latter 
disc. The first sacral nerve root acquires its 
sheath between the upper and lower bor- 
ders of the lumbosacral dis and it is there- 
fore not entirely within the lumbar sac 
in Its course across this disc. A posterior 
disc protrusion at this level, therefore, may 
compress the first sacral root, or, if large 
enough, the other, more medially placed 
sacral roots, and still produce a minimal 
defect or no defect in the column of opaque 
medium (Fig. 11). 

b. Thearachnoid outpouchings are poorly 
defined at the lower end of the neural 
canal, since the nerve roots in this area 
descend almost vertically. Changes in their 
outline by pressure of an extradural lesion, 
therefore, cannot be easily determined 
(Fig. 11). 

c. Another feature which makes the 
evaluation of a mvelogram at or below the 
level of the lumbosacral disc more difficult 
is the normal lumbosacral agulatiom and 
sacral tilt, which causes the lower portion 
of the dural sac to be visualized “‘on-end”’ 
in the prone or gupine positions (Fig. 11). 

2. Anatomic Variations of the ,Cul-de- 
Sac. Camp*?* has called attention to two 
anomalies in this region that have ec- 
counted for errors of interpretation in some 
of his cases with negative iodized oil mye- 
lograms and positive surgical findings. Ín 
one tvpe, the cul-de-sac terminated at 
about the level of the second sacral seg- 
ment, but it was considerably narrower 
than normal below the level of the fourth 
lumbar intervertebral space. Altheugh no 
instance of this anomaly was demonstrated 
in mv cadaver material, I have observed 
the opposite variation, probablv also de- 
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Fic. 7. (a) intraspinal view after opening the dural sac posteriorly, and (4) right midsagittal section of a 
lumbar spine with advanced degenerative disease of the vertebrae and the intervertebral discs. M (c) the 
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RA opmental i 1 on of an enormous dila- 
Md of the caudal sac (Fig. 12). In this 


specimen, § cc. of lipiodol served to fill 
“nly the most terminal portion of the sac. 
In'tlae other variation noted by Camp, the 
cul-de-sac terminated more proximal than 
aormal, even above the level of the lumbo- 
sacral interspace. While shortening of the 
caudal sac mav be simulated on the antero- 
postérior myelogram, due to the lumbo- 
sacral dngulation and sacral tilt (see Fig. 
I, c), the termination at a normal level in 
this instance will be demonstrated by the 
lateral mvelogram. 
The caudal canal was observed, by the 
writer, to terminate in $8 consecutive 
cadavers at the following levels: 


Just distal to the lumbosacral disc and opposite the 


f darti DIN, eeeasatéusié3s214d4TeRTaxds 2 
Opposite the intervertebral disc between the 1st and 

2nd pachai Segiiente. iu icoveseva co Rus 24 
Opposite the 2nd sacral segment............... 3 
Opposite the level between the 2nd and 3rd sacral 

CIE 00 0-0ncdhscnn evens odes ri rie di 2 


In the presence of any of these three 
anomalies of the cul-de-sac, the presence 
of an extradural lesion, in the region of the 
terminal portion of the caudal canal, could 
not be accurately ascertained by contrast 
meylography. 

Possible Factors in Positive Myelography 
in the Presence of Negative Operative Find- 
ings. Although explanations for these er- 
rors of interpretation, such as that the 
mvelographic defect might have been due 
to a thickened ligamentum flavum which 
was removed during laminectomy, or that 
the operator had failed to locate properly 
the anatomical site of the suspected disc 
lefion, are to be considered, these factors 
were excluded in mv cases (Fig. 1). That 
the defect might have been caused by a 


T e A $3 A . ‘ bk di 
self-reducing”’ posterior disc protrusion (if 
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such a mechanism occurs) is not acceptable 
to me in my cases, in view of the fact that 
no defect was demonstrable, grossly, on 
inspection of the supposedly involved inter- 
vertebral disc, and that the myelographic 
evidence of a constant defect had been 
recorded in a position identical to that 
assumed by the patient during operation, 
that is, lying upon the abdomen. 

Smooth, often multiple, hour-glass con- 
tractions, unless constant, are to be evalu- 
ated critically, since such phenomena may 
occur normally as a result of “stringing 
out” of the contrast medium, when iodized 
oil is employed (Hampton'and Robinson,” 
Robinson"). The appearance of multiple 
protrusions during roentgenoscopic exami- 
nation with iodized oil is often no more than 
an exaggeration of the normal prominence 
of the lumbar intervertebral discs (Brad- 
ford and Spurling?). Irregular, slow-moving 
columns will be produced bv the extra- 
dural or subdural (extra-arachnoid) intro- 
duction of this contrast medium. These 
artefacts, which may lead to faulty inter- 
pretation, are not constant on repeated 
examinations. Such misplacements of 10- 
dized oil may follow reduction of spinal fluid 
pressure, as bv lumbar puncture or air 
spinograph y (Hamby”). 

It has been demonstrated in my material 
that extradural lesions may be produced by 
degenerative disease involving the inter- 
vertebral disc (posterior bflging *f the 
entire disc with underlying hypertrophy of 
the adjacent bony margins) and the articu- 
lar facets of the apophyseal joints (bony 
proliferation of the margins with, forward 
bulging of the overlying ligamentum fla- 
vum), and that these lesions may pro@uce 
defects in the subarachnoid column of con- 
trast medium (Fig. 6). Hampton and 
Robinson,” and Robinson’ observed that 











e right and left sagittal sections of the lower lumbar segments and upper sacrum are demonstrated. There 
are encroachments, anteriorly, on the spinal canal at the level of all of the intervertebral discs, due to 
posterior bulging of disc abstain and posterior marginal proliferation of the adjacent vertefral bodies. 
The bulges in the posterior portion of the spinal canal, in the region of the ligamentum flavum between 
the fourth and fifth lumbar and between the fifth lumbat and first sacral vertebrae, which are evident in 
(4), @r@shown in (c) to be due to marginal proliferation of the underlying facets. 
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caused by "posterior hyperfrophy”’ qae 
intervertebral disc as a whole. ~ o ' 


. A small central posterior disc Notis y” 
may be obscured in all views of th ( 


myelographic study by overlying corstrast ^ 
medium (Fig. 8). The question properly 
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Fic. 8. (a) posteroanterior and $47) lateral lipiodol 
myelograms, (c) intraspinal view after opening the 
dural sæ posteriorly, and (d) midsagittal view of 
a lumbar spine. No defects in the column of con- 
t&ist medium are evident in (a) and (4). In (c) . 
there is a central localized projection at the level 
of the intervertebral disc between the first and — Fig, 9. (a) posteroanterior and (4) lateral lipiodol — . 
second lumbar vertebrae, due, as is shown in (4), myelograms, (c) intraspinal view after o[pfning the 
to posterior protrusion of disc substance. An un- dural sac posteriorly, and (d) midsagittal section 
usual dilatation of the dural sheaths of some of the of a lumbar spine. No defects are observed in the 
terminal roots of the cauda equina is evident in (4) column of contrast medium in (2) and (2). In (c) 
and (c), which, in the absence of any pathologic and (d) there is evident a posterior bulge of thee 
process in this region, were interpreted as being entire width of the disc between the second and 
developmental In origin. third lumbar vertebrae, associated with degenera- 

: : tion of the remainder of the intervertebral disc 
sharply defined, symmetrical defects on the and marked bony proliferation of the adjacent 
myelogram at a disc level were sometimes vertebral bodies. yS 
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Q = ae, she F 
Ne whethel such a minimal lesion would 


* be yroductive of sufficient symptoms and 
signs to warrant exploration. Dandy’ has 
“ssrggested that negative explorations may 





Fic. 11. (a) posteroanterior and (4) lateral lipiodol 
myelograms, (c) intraspinal view, and (4) mid- 
sagittal section of a normal lumbar spine. 


E) 
be due to "concealed ruptured interverte- 
bral disks," in which the posterior pretru- 
sions are so slight that thev are disclosed 
at operation onlv after careful search. It is 
dificult for me to understand how such 





Fic. 10@ (4) and (c) are intraspinal views after open- 
ing the dural sac posteriorly, and (4) and (4) are 
midsagittal sections of two lumbar spines with ad- lesions which such slight posterior protru- 


vanced degenerative disease of the vertebrae and sion, especially when these are centrallv 
the intervertebral discs. In (4) there 1s a marked placed, would produce the symptom-com- 


protrusion of the disc between the fourth and fifth plex of an extradural lesion sufficient to 
lumbar vertebrae into the spongiosa of the fourth . 


| T nile we warrant laminectomy. It is my opinion, 
lumbar body. Thereere no distinct encroachments _ ten 2 | 
on the spinal canal, despite the presence of ad- based on Dand; S description, that the 
var@eġ degenerative disease in both specimens. histopathologic features of this lesion are 





Fic. 12. (a) posteroanterior and (2) lateral lipiodol 
myelograms, (c) intraspinal view, and (d) mid- 
sagittal section of a lumbar spine, showing an 
enormous dilatation of the caudal sac, and ad- 
vanced degenerative disease of the lumbosacral 
disc, without posterior protrusion of disc substance. 


those @haract@ristic of degenerative dis- 
ease of the intervertebral disc—fibrillation, 
dehydration, softening, and “brown degen- 
eration” (Horwitz?) (Fig. 29 d; Fig. 10, 2 
and d; Fjg. 12, d). Degenerative disease 
of the intervertebral disc has been con- 
sidesed a cause of back pain by the ortho- 
pedic surgeon, who has treated this lesion 
by external or internal fixation. 


SUMMARY AND CONCLUSIONS 


Despite considerable work in this pe je 
tion, there is need for clarification of : 
nora her of problems relating to the dios. 
nosis and treatment of lesions of the 
intervertebral disc with posterior protru- 
sion into the spinal canal and/or the inter- 
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vertebral foramen, and to fan acc 


interpretation of the exact nature ets f 


lesion. The diagnostic criteria are often 
equivocal. In this respect, the material $ 

this investigation has been evaluated im an 
effort to illustrate and explain some of the 
discrepancies in contrast 
Most investigators rely on myelography in 
the diagnosis of this lesion, although there 
are some who feel that the clinical findings 
are sufficient for the diagnosis and the 
localization of this lesion in a high percent-, 
age of cases. The interrelation of posterior 
disc protrusion and other potential factors 
in the causation of low back pain and the 
sciatic syndrome, such as degenerative dis- 
ease of the intervertebral digc, of the 
vertebrae, and of the zygapophyseal articu- 
lations, requires clearer definition. The de- 
termination of the best surgical procedure 
for the treatment of posterior protrusion 
of the intervertebral disc must await an 
evaluation of sufficient clinical material, 
observed over a number of vears. The wis- 
dom, at present, of a conservative attitude, 
is reflected in the conclusions of Bradford 
and Spurling’ in their recent monograph 
on this subject: "Although the presence of 
a spinal neoplasm is unequivocally an in- 
dication for surgical removal where possi- 


ble, the presence of posterior herniation of 


the nucleus pulposus is not an indication 
for surgical removal unless it has produced 
incapacitating radicular symptoms." 
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By WILLIAM A. NOSIK, M.D. 
Cleveland Clinic ^ 
CLEVELAND, OHIO ~ 


Te high incidence of protruded inter- 
vertebral discs in patients with sciatic 
pain has stimulated the interest of the 
orthopedist, the neurological surgeon and 
the roenfgenologist. The accuracy of diag- 
nosis of the protruded intervertebral disc 
is very high when symptoms and signs are 
definite. However, there is a considerable 
number of patients in whom the clinical 
signs are suggestive of the condition but not 
sufficiently clear to justify an exploratory 
operation. It is extremely desirable to have 
accurate diagnostic information regarding 
the nature and exact location of the lesion. 
Although a high degree of accuracy can be 
obtained in the neurologic diagnosis of 
intraspinal disease, in some cases confirma- 
tory evidence is needed. For this reason, 
roentgenologic studv of the spinal canal is 
made with some type of contrast medium. 
Commonly used media for this purpose are 
lipiodol, air and, more recently, thorotrast. 
The choice of a contrast medium, however, 
should depend upon the amount of infor- 
mation 1t gives regarding the contours of 
the subarachnoid space. This agent should 
also meet the requirements of the ideal 
intraspinal contrast medium, as set forth 
by Coe, Otell and Hedley, namely: (1) it 
should be nontoxic, (2) it, should be of 
sufficient atomic weight to cast a clear-cut 
shadow, £3) it should be nonirritating, (4) 
it should be miscible with cerebrospinal 
fluid, and (5) 1t should be readily elim- 
inated. 

Thorotrast was used first for encephalog- 
raphy by Radovici and Meller!” of 
France, by Wustmann, and by Lohr and 
Jacobi’: of Germany in 193 n In 1936 
Freeman and his associates,?"? and later 
Twining «ind Rowbotham® a se 
its use in ventriculography. 


It occurred to me that it might be pos-* 
sible to utilize the desirable properties of 
thorotrast (its heavy atomic weight, its 
high specific gravity, and its misgibility 
with the cerebrospinal fluid) in the visu- 
alization of the spinal subarachnoid space,» 
and to eliminate it from the canal bv a 
forced spinal drainage.! After a series of 
animal experiments, with Mortensen,’ the 
practicabilitv of this plan was established, 
The first intraspinal use of thowotrast and 
Its subsequent removal bv forced drainage 

was done clinically by me in 1937.8 The 
resulting films showed such promise of 
being of diagnostic value that further studv 
was made, with the final evolution of the 
following technique: 


Preparation : 

I. The patient is prepared for the lamin- 
ectomy which may follow the myelogram. 

2. A sedative is given one hour before 
myelography. 

3 The patient is taken to the roentgen 
room in a wheel chair. 


Myelogram: 


I The patient is put on the tilted roent- 
gen table with the head elevated from 12 
to 1 5 degrees above the horizontal plane. 

2. Lumbar puncture is done between 
the first and second, or second and third 
lumbar vertebrae; fluid may be taken fpr 
analysis if desired, and to cc. of thorotrast 
is injected at an even rate of injection. The 
neal: is then withdrawn. 

. With the patient still in die tilted 
josita, and the head elevated, roentgenos- 
copy may be done to make certain that 
the distribution of the medium is correct. 

4e Roentgenograms are then made with 
the patient in the anteroposterior, postero- 


* Presented at the Forty-second Annual Meeting, American Roentgen Ray Society, Cincinnati, Ohio, Sept. 23-26, 1941 -%® 
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terior, righ§ and left lateral oblique, and 
the Tirect latdral positions. Head elevation 
is Maintained throughout. The machine 
ses tings usually used for a 150 pound pa- 
tieng are: 


in. kv. ma. Time 
e osteroanterior 30 62 40 § sec. 
Anteroposterior 30 65 40 ~~ 5 sec. 
Oblique 30 65 40 pc 
Lateral 3 76 40  1Oto012sec. 


5. Upon completion of the roentgeno- 
grams the patient is placed in a wheel chair 
‘and is returned to bed, the head of which 
has been elevated to 25 degrees. 


After Myelography: 


t. The patient is placed on the unaf- 
fected side, with the head elevated, and a 
low lumbar puncture is made with a large 
bore needle. The puncture 1s made above 
the lesion if the canal is obstructed to a 
marked degree. The fluid is allowed to 
drain into a sterile flask. 

2. With the spinal needle in place, a 
venoclysis of 750 cc. of 0.45 per cent saline 
is begun and allowed to empty in one hour. 

3. The spinal drainage needle is with- 
drawn fifteen minutes after the venoclvsis 
is completed. 

4. If a surgical lesion is present the pa- 
tient is then taken to the operating room. 

t. The elevation of the back rest 1s 
maintained for twenty-four hours. 

The properties of thorium dioxide solu- 
tion (thorotrast) have been published in a 
report of the Council on Pharmacy and 
Chemistry? The composition of this me- 
dium is given as a stabilized thorium di- 
oxide solution, 25 per cent by volume (19- 
20 per cent by weight), in a protective 
colloid (16-19 per cent by weight) of dex- 
trin preparation. A preservative of 0.15 per 
cent nfethyl-p-hydroxy benzoate is added 
to the solution. 

The radioactivity of thorotrast has been 
summarized in the report of the Council as 
follows: 

Alpha ray—25 cc. of thorotrast is equivalent to 
maximum of I microgram and a minimum of 0.5 
microgram of radium (Schlundt). 
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Beta rays— Too feeble to be of physiological 
significance (Schlundt). . 
Gamma rays—26 cc. of thorotrast is equivalent 
to approximately 0.3 microgram of radium 
(Flinn) and is too feeble to be of physiological 
significance (Schlundt). 

To consider this material in the light of 
the ideal intraspinal agent, its toxicity must 
be regarded first. Since the first injections 
of this material into the subarachnoid 
spaces in 1932, there have been enthusiastic 
reports of the subarachnoid detail which 
was disclosed. There soon followed much 
less enthusiastic reports because of severe 
reactions and even deaths after encephalog- 
raphy with this material. The rise in 
acidity of the cerebrospinal fluid which 
often accompanied its usage caused a severe 
reaction. After considerable experimenta- 
tion the present thorotrast, an alkaline 
buffered suspension of thorium dioxide in 
a protective colloid dextrin, was intro- 
duced. A slight acidosis of the cerebrospinal 
fluid may occasionally still occur in some 
cases, causing a mild reaction, but gener- 
allv the material is well tolerated There is 
no real evidence of it$ toxicity per se, just 
as there is little evidence to show anv real 
toxicitv attributable to the other com- 
monly used mediums. 

Retention of thorotrast in the subarach- 
noid space will result in an aseptic menin- 
geal reaction. However, it 1s common 
knowledge that the intraspiwal injeetion of 
any foreign substance will produce a 
meningeal reaction proportionate to the 
irritating effeet of the material injected. 
For this reason, it was felt advisable to 
remove any contrast medium from the 
subarachnoid space after it had served its 
purpose. 

The clarity with which the intraspinal 
structures are visualized with thorotrast 1s 
due to the high molecular weight of the 
particles in suspension. The fact that the 
heavy thorium dioxide particles are in 
suspension makes possible the outlining of 
small fluid-displacing lesions either in the 
canal or compressing it from outs:de. In the 
suggested concentrations the shadow cast 
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ianot heavy enough to mask an underlying 
lesion, nor 1s it so faint as to leave the 
diagnosis uncertain. 

The irritating qualities of thorotrast are 
largely dependent upon the dextrin con- 
centration and the small amount of pre- 
servative It contains. The thorium dioxide 
particles are chemically inactive and con- 





The 


1. Normal thorotrast myelogram. 
rootg and thejr dural sleeves are demonstrated 
(oblique view). 


FIG. nerve 


tribute to its irritative properties only their 
presence as foreign bodies eof microscopic 
size. Thig is unlike the irritating effects of 
certain iodized solutions and oils which 
hawe as their chief source of irritation the 
liberation of varied amounts of iodine into 
the surrounding medium. The irritating 
effects of subarachnoidally placed iodides 
is well known. 

Thorotrast possesses the property of 
miscibility with the cerebrospinal fluid. It 
is a golden-brown, opalescent fluid of 
watery @onsistency whose specific gravity 
is greater than that of spinal fluid. For this 
reason the distribution of the medium in 
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the spinal canal can be confrolled reasy 
ably well by placing the patient at suche 
angles as to keep the medium at the exam- 
ination site. It is the property of miscibileey 

with the cerebrospinal fluid that eives 
thorotrast its chief advantage over other 
contrast media. ° 

The subarachnoid outline is accurately 
seen wherever the spinal fluid can penetrate 
with its contained thorotrast. Cdnse- 
quently, in the area to be examined, the 
entire width of the spinal canal, the spinal 
roots in their intraspinal course, together 
with their dural sleeves are seen in their 
normal relations J. There is no dis- 
turbance of the cerebrospinal fluid dv- 
namics by the withdrawal of a large amount 
of fluid with a subsequent alteration in the 
anatomic relations. There is not the prob- 
lem of a medium with a surface tension so 
much greater than that of the cerebro- 
spinal fluid that its tendency to assume its 
smallest form may frustrate the examiner. 
By breaking up into coarse globules, an 
oily medium can nullify the usefulness of 
the examination. Because of the high sur- 
face tension of the oily contrast mass, it 1s 
not always possible to make the media out- 
line the finer detail of the subarachnoid 
space. In the larger lesions encroaching 
upon the spinal canal, the choice of a con- 
trast medium is hardly a serious considera- 
tion, since the problem is usually a simple 
one for the clinician and the roentgenolo- 
gist. However, it is in that lesion which has 
caused as yet but little change in the ana- 
tomic relations in the spinal canal that 
thorotrast has its greatest usefulness bv 
its ability to depict with greater accuracy 
the relative minutiae of the subarachnóid 
space. 

It is highly desirable to remove trom the 
spinal subarachnoid spaces any contrast 
medium which is not normally absorbed. 
An oily medium may be partly removed 
by aspiration under the roentgenoscope or 
at operation. By virtue of its miscibility 
with cerebrospinal fluid, from 70 to 95 per 
cent of an injected thorotrast colton can 
be recovered by instituting a forced&spinal 
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eaindke as p jeviously described after the vit. Operis findings. Tota] of 75 operations 
roentgen studies have been made. It is done; 25 not operated upon 
desfrable to remove the thorotrast from Protruded intervertebral disc found... 62 

lb f thel d Miscellaneous lesions............... 7 
the cana: because oi the iow grade r adio- Negative explorations.............. 6 


-actiyity. In a previous publication,’ a 
summary of the radioactivity present in an 
average case was given. In this case 8 cc. 
of thorotrast was used and 80 per cent was 
recovered. It was calculated that the resid- 
ual df radioactive material dispersed by the 
reticulotendothelial cells of the meninges 
was equivalent in alpha radiation to 0.064 
microgram of radium, and in gamma radia- 
tion to 0.0256 microgram of radium. It is 
obvious that this amount is far below any 
described minimal toxic level, which is a 
margin of safety considerably greater than 
many other substances used clinically. 

In summarizing the first 100 myelograms 
in which thorotrast was used at the Cleve- 
land Clinic, Table 1 is presented: 


TABLE I 
Li Noco cierno aenea 100 
It. No. of protruded intervertebral discs ... 62 
Miscellaneous lesions...............5. 17 
Negative myelograms................. 21 
II. Sex 
MBIES oi ad eua a pete VE 77 
Hemales os lano Reo EEDA EORR 23 
IV. Áge incidence 
10700 VANS o PURA a TRENT IE 2 
21—30 YEATS... ccc cece ween eee 12 
al-40 VEA oeri drai IR Lee d AI 
Zi€50 YEAS. (uo Sica: Ka Salem Red SRI 24. 
BISÓG VEAI$ 21 34-0053 wear wwe ees 19 
ÜIcUG UBADSEI Cor cies acce be ec 2 
v. Clinical] diagnosis made before myelog- 
raphy 
Protruded intervertebral disc. ...... . £8 
e Suspected protrusion of intervertebral 
al. tots gta tacit CEP 36 
Miscellaneous lesions.............. 6 
(mechanical back strain, functional 
conditions, radiculitis, hip-joint dis- 
ease) 
vi. Diagnosis made from myelogram 
Positive for protruded intervertebral 
OVE TEMERE E A ELE T 66 
Positive for other lesions............ © 3 
Questionable protrusion of disc...... 4 
Definitely negative myelogram....... 26 
@njected outside canal accidentally... I 
e e 


virt. Total of 75 laminectomies done with 

a. 66 (positive or suspected) cases with a 
diaghosis of protruded intervertebral 
disc, of which 62 were correct at opera- 
tion and 4 were incorrect, Of the 4 cases 
in which the myelogram was suggestive 
of a lesion and judged erroneous at 
operation, 2 cases had a prominente of 
a disc probably not responsible for 
symptoms, and in 2 there was no 
pathologic condition. 

b. 9 patients with a negatjve myelogram 
were operated upon with only one pro- 
trusion of the intervertebral disc 
found. 


In the positive myelograms confirmed ` 
by operation the diagnostic accuracy ` 
of thorotrast is 93.97 per cent (error. of 
6.17 per cent). 

b. In the negative myelograms ` which 
were explored on clinical grounds alone, 
the diagnostic accuracy of thorotrast 
was 89.97 per cent, the error 17.1 per 
cent. 


IX. a. 


The search for the ideal intraspinal con- 
trast medium is not ended. By instituting 
the technique described here, we have 
eliminated most of the undesirable features 
of thorotrast. A medium has not yet been 
found which will outline every structure 
within the subarachnoid space, sharply 
define its every ramification, and then be 
spontaneously absorbed and eliminated 
after it has served its purpose. 

e 
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DURING the past decade it has become 


increasingly apparent that osteomye- 
litis of the spine is an extremely protean 
disease which may offer great difficulty in 
early diagnosis. Various manifestations and 
presentations of these vertebral infections 
have been described in the literature. The 
majority of these reports are concerned 
with the abdominal symptomatology as- 
sociated with osteomyelitis of the lumbar 
vertebrae. Cases with symptoms referable 
to the dorsal region have been published 
less frequently.?9.5339 Reports of thoracic 
spine osteomyelitis completely masquerad- 
Ing as a primary pulmonary infection have 
appeared only rarely. 

Pyogenic osteomyelitis of the vertebrae 
has been described in considerable detail by 
Wilensky!? and Kulowski.5 The disease is 
almost always of hematogenous origin and 
tends to involve the lumbar region much 
more frequently than the thoracic spine. 
Difference of opinion is held concerning the 
sites of localization of the infection in the 
dorsal vertebrae. Thus, Wilensky states 
that the posterior portions of the vertebrae 
are involved more frequently than the 
bodies. Kulowski, however, believes that 
the bodies and adjacent intervertebral discs 
are affected most often. In 102 cases involv- 
ing all Tegions of the spine he found the 
bodies involved in 84 instances, the pos- 
terior processes in 13 and combined lesions 
in 5 cases. Many reports of single cases 
have appeared illustrating both types of 
infections. : 


The symptomatology of thoracic verte- 
bral osteomyelitis appears directly influ- 
enced by the location of thé lesion since the 
latter determines in which direction the pus 
will migrate. Involvement of the spinous 
processes, posterior portions of the pedicles 
and posterior surfaces of the transverse 
processes usually results in deeply situated 
abscesses in the posterior thoracic muscles 
which finally point at the back of the chest. 
Infrequently, the suppuration extends in- 
ternally and results in the formation of an 
epidural abscess.! Localization of the lesion 
in the anterior part of the pedicles and 
anterior surface of the lateral thoracic 
processes is soon followed by a purulent 
infection in the mediastinum, paravertebral 
and posterior extrapleural spaces. Osteo- 
myelitis of the vertebral body and adjacent 
disc is almost invariably complicated by 
mediastinal abscess. In turn, the mediasti- 
nal abscess may spread by direct con- 
tiguity, or via the lymphatic channels, and 
cause an empyema or suppurative peri- 
carditis. Many combinations and varia- 
tions of these patterns have occurred and 
have given rise to extremely complex 
syndromes. ji 

The signs and symptoms of a given case 
may often be misleading, at least during the 
early stages of the disease. With involve- 
ment of the posterior vertebral processes 
the high fever, rigidity and fixation of the 
back muscles, excruciating tenderness over 
the involved vertebra and superficial point- 
ing of the burrowing abscess at thé dorsum 


* From the Fourth Medical! Division, Charles H. Nammack, Director; and the Department of Pathology, Douglas Symmers, 
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wf the chest wall usually make the diag- 
nosis apparent after a comparatively short 
interval. Rarely, in cases of epidural ab- 
scess or collapse of a vertebral body, evi- 
dence of spinal cord compression is present. 
Infection of the bodies and intervertebral 
discs, however, results in a mediastinitis or 
extrapleural abscess and their complicating 
empyema or suppurative pericarditis. In 
these patients the chief complaints and 
findings are related to the respiratory sys- 
tem, making the proper diagnosis ex- 
tremely difficult: Superficial pointing of the 
abscess may occur very late in the course or 
not at all, and the changes in the spine may 
be completely masked by the pulmonary 
syndrome. Thus, in Kulowski's series of 102 
cases, mistaken diagnoses were made in 7; 
4 cases being originally interpreted as 
pneumonia and empyema, while 3 patients 
were originally considered to have cancer of 
the mediastinum. Hahnt reports a case 
diagnosed and treated in its early stages as 
pneumonia. Makins and Abbott? and Wil- 
ensky!? describe cases in which the true 
nature of the malady was not appreciated 
until the postmortem examination. 
Roentgenographic examination is ex- 
tremely important in the diagnosis of 
pyogenic osteomyelitis of the dorsal spine. 
The changes encountered are of two types: 
those confined to the vertebrae themselves 
and those related to the complications. It 
Is essential that the roentgenograms of the 
spine have fine bony detail. Oblique views 
may often be of aid where lesions of the 
posterior articulating facetS are suspected. 
Durigg the initial weeks of the disease 
roentgen evidence of pathological changes 
inethe vertebrae may be entirely lacking.?? 
One of the early and important roentgeno- 
graphic signs, and meriting careful search, 
is destruction of the disc with narrowing of 
the intervertebral space.^* Changes in 
trabecular structure occur shortly there- 
after. Following these appear the character- 
istic, dense, reactive new bone formation 
which smesults in markedly increased bone 
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findings may be associated with mottling, 
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erosion, sequestration, de truction, . weffe - 
ing and collapse due to the destructive 
effects of the infective process. It is this 
combination of destruction with densemew 
bone deposits, exostoses and bridgingewhiclt 
characterizes pyogenic osteomyelitis and 
differentiates it from vertebral tuberculosss. ` 
The marked bony atrophy and decalcifica- 
tion observed during the active, early 
phases of tuberculous spondylitis is almost 
never seen at any stage of pyogenic osteo- 

myelitis. : 
Paravertebral mediastinal abscess and 
suppurative mediastinitis are the most fre- 
quent and important complications of 
osteomyelitis in the dorsal spine. Roent- 
genographic changes appear early and are 
characterized by widening of the mediasti- 
num to the right, left or bilaterally. The 
border of the widened mediastinum is 
sharply demarcated from the adjacent lung 
tissue, forming an almost straight or very 
slightly curved line of separation.?5:19 The 
appearance may often be distinguished 
with ease from the semilunar, arc-like 
shadows cast by greatly enlarged mediasti- 
nal lymph glands. As the infection spreads, 
mediastinal widening continues and areas 
of adjacent pneumonitis may appear. 
Should empyema supervene, the roentgeno- 
grams? reveal the typical picture of such a 
condition. Retropleural infections may cast 
bizarre shadows on the roentgen film, de- 
pending upon the shape and position of the 
localized, peripheral empyemata. Serial 
roentgenograms are extremely important 
in accurately following the course, possible 
spreads and sequelae of the osteomyelitic 
process. 


CASE REPORT 


L. R., a white male, aged thirty-three, was 
admitted to Bellevue Hospital on July*17, 1939. 
The patient had been in excellent health until 
February, 1939, at which time cough, expec- 
toration of foul, blood-tinged sputum, pain in 
the chest, weakness, night sweats, anorexia and 
loss of weight appeared rather suddenly. The 
symptoms gradually became worse, weight loss 
increased, occasional pain was noted in the 
back of the chest, asthenia became mafed and 
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dn patient sought medical aid at the Beth 
David Hospital, New York City, in May, 1939. 

Physical findings on admission to that insti- 
tution revealed dullness, diminished. breath 
;ouRds and rales in the left lower portion of the 
-horax’ posteriorly. Roentgenograms of the 
chest (Fig. 1) revealed a large dense shadow in 
‘Me left mid-lung field, interpreted as a con- 
solidation. A small, sharply demarcated, tri- 
angular opacity at the root of the right lung 
was not thought significant. The patient con- 
stantly coughed throughout his entire stay and 
had a septic, spiking fever. Wassermann and 
Kline tests were negative. Repeated examina- 
tion of the sputum failed to demonstrate tu- 
bercle bacilli. Roentgenograms of the dorsal and 
lumbar spine were reported as negative. 
Roentgenograms of the sinuses showed a bi- 
lateral maxillary antral clouding. Bronchoscopy 
yielded no positive information. Broncho- 
graphic examination was reported as showing 
saccular and cylindrical dilatation of the 
bronchi in the lower portion of the left upper 
lobe. While in the hospital the patient received 
sulfapyridine and symptomatic treatment, in- 
cluding one 500 cc. transfusion. During his stay 
at Beth David Hospital the cough and physical 
findings improved only slightly. Serial roent- 
genograms of the chest were reported as show- 
ing no definite change in the lung findings. 
There was no evidence of a fluid level or lung 
abscess. Pain in the chest continued unabated; 
that in the back of the chest was medial in 
location and apparently was unaffected by 
respiration. The remittent fever continued, but 
the levels were somewhat lower than on ad- 
mission. Further hospital care and observation 
were deemed necessary and the patient was 
therefore transferred to Bellevue Hospital with 
the provisional diagnosis of left upper lobe 
bronchiectasis. 

The patient's past history included an attack 
of cgoup in childhood and a mild chronic cough 
distinctly different from that accompanying the 
present illness. There were no operations or 
accidents. He has had carious teeth for many 
years. The family history was negative for 
tuberculosis, allergic phenomena or cancer. The 
patient's mother suffered from diabetes mellitus 
and died at the age of sixty-two. 

Admission examination on July 17, 1939, re- 
vealed a poorly nourished male appearmg 
chronically ill. Temperature 102.4^ F., respira- 
torv rate 28, pulse 96, blood pressure 120/70. 
Head: efes reacted equally to light and in ac- 
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commodation; the throat was chronically in, 
fected; lower jaw edentulous, several upper 
teeth carious; the gums were inflamed. Neck: no 
glands or masses; trachea in midline. Chest: 
symmetrical; percussion. dullness on left side 
posteriorly from Ty to Ts; bronchial and 
bronchovesicular breath sounds as well as 
numerous moist and coarse ráles present in this 
region; the base appeared clear. Moist, crack- 
ling rales were also heard in the left anterior 





Fic. 1. Large dense shadow in the left mid-lung field. 
Note the small, triangular opacity at the root of 
the right lung. 


axillary region. On the right side a)noderatesdull- 
ness was present in the paravertebral region at 
the level of the scapula. The heart was normal 
in size; sounds were of fair quality; regular 
sinus rhythm, rate 96 per minute; no murmurs. 
Abdomen: liver and spleen not palpable; no 
masses. Extremities: normal; no clubbing of the 
fingers. Reflexes: normal. ° 
Roentgenoscopy of the chest revealed a 
marked increase in density in the lower half of 
the left lung field just above a clear costo- 
phrenic sinus. The right lung was clear, but 
there was a marked increase in the density of 
the right hilar shadows. This density measured 
6 by 10 cm. and presented a somewhat irregular 
outline. . 
Admission laboratory examination ‘revealed 
the urine to be entirely normal. Blood count: 
hemoglobin 56 per cent; red blood cells 


tO 
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«4,230,000; white blood cells 6,900; differential 
smear showed 77 per cent polymorphonuclear 
leukocytes, 23 per cent lymphocytes. Wasser- 
mann reaction was negative. Erythrocyte sedi- 
rate was 138 


mentation mm. in one hour. 





Ff. 2. Anteroposterior and lateral views. Irregular 
destruction and collapse of bodies of fourth, fifth, 
sixth and seventh thoracic vertebrae. 


Roentgenographic examination of the chest was 
reported as showing a large patch of unresolved 
consolidation involving the left upper lobe 
medially and posteriorly. There was dense peri- 


hilar fibrosis and thickening of the mid-third of 


the axilfary pleura on the left side. Blood sugar 
II4 mg. per 100 cc.; non-protein nitrogen 30 
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° 
mg. per 100 cc. Sputum analysis showed Mio 
acid-fast bacilli. Electrocardjogram revealed 
some notching of the R waves in lead 3 arl left 
axis deviation, but otherwise was normal. 

Admission diagnoses varied between brortchi- 
ectasis, resolving pneumonia, tuberculosis and 
pulmonary neoplasm. " 

Course: The patient continued to run @n \ 
intermittent fever with temperatures varying e 
from 99^ F. in the forenoon to 103° F. in the 
afternoon. Repeated sputum analyses were ,e 
negative for acid-fast bacilli and an intradermal 
injection of o.1 mg. of Old Tuberculin caused e 
no reaction. Coughing continued and there wis 
frequent expectoration of bloody mucoid spu- 
tum. Re-examination of the chest by roentgen 
ray now demonstrated a sharply bordered, 
marked density immediately lateral to the root 
of the right lung and extending frem the clavicle 
to the lower hilum. This was suggestive of a 
mediastinal tumor. The moderately dense, dif- 
fuse shadow was again observed in the left mid- 
lung field. On July 29, 1939, the patient sud- 
denly expectorated 50 cc. of bright red blood, 
lost consciousness and showed clonic convul- 
sions of the left leg. He was treated for shock 
and gradually recovered from the acute episode. 
Bronchoscopy was performed on August 2, 
1939, but the examination was not entirely 
satisfactory. Mucopurulent material was pres- 
ent in the right main bronchus from which a 
biopsy was taken. There was no evidence of 
tumor. The septic course continued, the spleen 
became palpable and severe interscapular pain 
gradually made its appearance. Repeated urine 
analyses revealed no abnormality. Blood counts 
showed no leukocytosis, but the ervthrocytes 
dropped to 3,850,000 and the hemoglobin grad- 
ually diminished to 58 per cent. Additional in- 
vestigation of the sputum consistently failed to 
reveal tubercle bacilli. 4 sputum culture re- 
sulted in the growth of Streptococcus viridans, 
Staphylococcus aureus and fusiform bacilli, 

The severe interscapular pain over the dorsal. 
vertebrae gradually increased and tenderness 
over the spine in this region was elicited. On « 
August 1O, 1939, one month after admission, 
definite weakness and atrophy of the peripheral 
muscles, especially the interossei, of the right 
upper extremity were observed. Beginning | 
atrophy of the left interossei also appeared. 
Other neurological findings were absent. Diag- 
nostic spinal punctureeshowed the following: 
initial pressure 120 mm.; the fluid was clear 
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and contained 2 cells per cubic millimeter; 
globulin, trace; Wassermann reaction, negative. 
Tfie patient continued to bring up between 


5 apd 15 cc. of bright red blood at frequent 


ntérvals and bronchoscopy was repeated. Bi- 
opsy again showed only normal tissue. Re- 
peated roentgen examination of the chest 
demonstrated a gradual increase in the size of 
the density in the right superior mediastinal 
region, There was suggestive evidence of pneu- 
monitis in both lungs as well as a possible 
atelectasis in the right upper lobe. Roentgeno- 
grams of the thoracic spine were at this time 
reported as normal. Another bronchoscopic 
examination showed no evidence of tumor, but 
mucopurulent material was seen in the right 
main bronchus. A blood count performed on 
August 8, 1939, showed 12,200 white blood 
cells, of which 88 per cent were polymorpho- 
nuclear leukocytes and 12 per cent lympho- 
cytes. The red blood cells had fallen to 3,450,000 
and the hemoglobin was 70 per cent (Sahli). 

Repeated consultations with the Chest Serv- 
ice resulted in the impression that the media- 
stinal mass might be a malignant lympho- 
blastoma. Accordingly, a therapeutic test with 
deep radiation therapy was given to the right 
anterior mediastinum. The factors employed 
were: 200 kv., 20 ma., 0.§ mm. copper and 1.0 
mm. aluminum filtration, ṣo cm. target-skin 
distance and a field size of 10 by 15 cm.; 1,000 r 
was delivered to this skin portal in ten days. 
No demonstrable improvement or reduction in 
the size of the mass was observed. Severe inter- 
scapular pain, cough with hemoptysis and spik- 
ing temperature continued. 

On September 16, 1939, two days following 
the last roentgen treatment and two months 
after admission, there appeared a fluctuant 
swelling to the right of the spine at the level of 
the third to sixth dorsal vertebrae. On aspira- 
tion of the region 30 cc. of foul, greenish pus 
was obtained. Culture resulted in the growth 
and identification of B. co/i and B. /actis aero- 
genes. Roentgenograms (Fig. 2) of the thoracic 
' spine ong September 25, 1939, revealed for the 
first time irregular destructive changes in the 
bodies of the fourth, fifth, sixth and seventh 
thoracic vertebrae. A roentgenogram of the 
chest showed a marked widening of the superior 
mediastinum, particularly on the right, with 
areas of surrounding pulmonary infiltration 
(Fig. 3). . 

The apscess over the dorsal spine gradually 
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increased in size and was accompanied by. the 
expectoration of an increasing amount of puru- 
lent sputum. Incision and drainage was per- 
formed on September 29, 1939. À large amount 
of foul pus was withdrawn, revealing a sinus 
which connected with the diseased, necrotic 
spinous processes of the third and fourth tho- 
racic vertebrae. Air was observed in the abscess 
cavity upon opening. Pus and blood were also 
seen to drain out of the trachea into the 
pharynx, indicating a connection of the medias- 
tinal abscess with a major airway. Fufther ex- 


dr as 





Fic. 3. Marked widening of the superior mediasti- 
num, especially on the right, with areas of sur- 
rounding pneumonitis. 

e 
ploration revealed the sinus to extend across the 
bodies of the involved vertebrae to thé left side 
of the chest. From this latter region large 
amounts of pus drained, the drainage increasing 
with cough. No further procedure was at- 
tempted at this time because of the patient's 
poor condition, and the wound was packed. 
Following operation there was moderate 1m- 
provement in the patient's general condition. 

It soon became apparent, however, that drain- 

age was inadequate. Accordingly, a second in- 

cision and drainage was performed orf, October 

5, 1939, in the left posterior mediastinal region. 

The heads of the third and fourth ribs were 
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aesected, exposing a large cavity with a moder- 
ate amount of pus. Exploration was accom- 
panied by shock and further procedure was 
therefore impossible. Postoperative drainage 
was only moderate and roentgenograms showed 
the presence of a pyopneumothorax on the left 
side with drainage tubes in situ at the operative 
site. Despite supportive therapy the patient’s 
course grew gradually worse and he died on 
October 25, 1939, about nine months after the 
appearance of symptoms. 

Postneortem examination revealed the follow- 
ing pertinent data: 

Gross findings: The body was that of a white 
male, poorly developed and poorly nourished. 
In the upper portion of the right chest pos- 
teriorly was a 3 inch gaping incision. On the 
left side a 3 inch vertical, interscapular incision 
was present. There was no external edema, 
cyanosis or clubbing of the fingers or toes. Some 
atrophy of the lumbrical muscles of the right 
hand was observed. 

On opening the chest, the left lung was found 
markedly reduced in size. The pleura over its 
entire periphery was considerably thickened, 
and multiple, dense, fibrotic adhesions were 
present. A well encapsulated, intrapleural 
empyema was seen at the apex of the upper lobe 
which connected with the left sinus draining 
posteriorly. This empyema cavity extended 
forward to the anterior chest wall. The lung 
could not be removed except with considerable 
difficulty and tearing of the tissues because of 
the thick adhesions. The right lung had very 
few adhesions, was large, emphysematous and 
crepitant. There was no noticeable shift in the 
positn of the heart. 

The left lung when removed was found to be 
much smaller than normal. Its exterior was 
rough and shaggy because of the tearing during 
removal. The bronchi were found to contain a 
considerable amount of clotted blood. No 
bronchopleural fistula could be demonstrated, 
possibly because of the destruction of the 
tissues in removing the organ. On section, the 
parenchyma was quite firm and compact in 
appearance. The pulmonary vessels were found 
to be patent and a definite point of hemorrhage 
could not be located. 

The right lung was found to be quite large, 
crepitant and emphysematous throughout. Sec- 
tions shgwed the tissue to be spongy in appear- 
ance. The large bronchi and the right pulmo- 
nary vessels were patent. 
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Upon the removal of the lungs and heart an 
old inflammatory process in tke paravertebrab 


tissues was found at approximately the level of 


‘the first to the seventh upper dorsal vertebrae 


and ribs. This was somewhat more marked on, 
the right than on the left. 

The heart, aorta, gastrointestinal tract, kid- 
neys, adrenals, pancreas and lymph node syg- 
tems all showed no abnormality. 

The spleen weighed 300 grams. Its capsule 
was thin and tense, and the underlying paren- 
chyma was a dirty slate-gray color. Ón section 
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it cut readily. The cut surface was smooth, « 


moderately friable and the pulp abundant. 

The liver weighed 2,100 grams. There was 
mild congestion of the liver parenchyma. Other- 
wise, no noteworthy changes were observed 
either in. this viscus or the gall bladder. 

Microscopic findings: Sections through the 
vertebrae, ribs and paravertebral tissues re- 
vealed marked granulation tissue reaction with 
infiltration of many lymphocytes. There was 
fragmentation of bone with some focal collec- 
tions of polymorphonuclear leukocytes and 
lymphocytes. The inflammatory mass in the 
right and left paravertebral area showed the 
findings of chronic inflammation: much granu- 
lation tissue, many lymphocytes and poly- 
morphonuclear leukocytes. In one section was 
seen a spicule of bone. There was no evidence of 
new growth. 

Slides of the right lung revealed the cells 
lining the acini to be edematous and the capil- 
laries engorged. Within the lumina of many of 
the acini were numerous, large, pink mono- 
nuclear leukocytes, the so-called “heart failure" 
cells. Sections through the left lung showed a 
pulmonary consolidation, the lumina of most 
of the acini being compressed or occluded, with 
an almost complete loss of architecture. Many 
"heart failure" cells were also present in this 
section. Red blood cells were seen in the bron- 
chi. m 

The spleen on section revealed its venous 
sinusoids to be particularly prominent and the 


pulp abundant. The liver showed changes of e 


marked, chronic, passive congestion. All of the 
vessels were dilated. The venous sinusoids were 
very prominent, resulting in pressure on the 
liver cord cells. 

Sections through the heart, kidneys and 
prostate demonstrated no noteworthy abnor- 
malities. ° 

Anatomic diagnoses: (1) acute and chronic 
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osteom?'elitis with necrosis of the dorsal verte- 
brae, first to seventh, and adjacent ribs; (2) 
chranic mediastinitis with right paravertebral 


abscess; (3) encapsulated chronic empyema: 


posterior to the apex of the left lung and abscess 


"in thé adjacent posterior mediastinum; (4) left 


parietal chronic pleurisy with multiple, periph- 
eral, fibrotic adhesions; (5) atelectasis of the 
left lung. Compensatory emphysema of right 
lung; (6) left bronchopleural fistula; (7) ante- 
mortem clot in left main bronchus; (8) slight 
atrophy ðf lumbrical muscles of the right hand; 
(9) mild toxic splenitis; (10) chronic passive 
congestion of the liver. 


COMMENT 


From the onset and throughout the seven 
months of hospitalization the clinical find- 
ings suggested a tentative diagnosis of 


. primary inflammatory disease of the lungs. 


The constant manifestations were pain in 
the chest, severe cough, profuse expectora- 
tion, frequent and severe hemoptysis, 
dyspnea and sepsis. Roentgenographic ex- 
amination supported such an opinion since 
vertebral abnormalities were not seen until 
late in the course. The early roentgeno- 
graphic changes were related only to the 
pulmonary pathology. Thus, reports from 
the Beth David Hospital mentioned only a 
diffuse density in the lower part of the left 
upper lobe and evidence of mediastinitis 


. was not noted. 


Because of the profuse purulent expec- 
toration, hemoptysis and suggestive roent- 
gen findings bronchiectasis could be in- 
ferred. In the absence of other causes, the 
possibility of an infected bronchial ectasia 
resulting from a previously expelled foreign 
body necessitated consideration. Bronchog- 
raphy and repeated- bronchoscopies were 
therefore performed. Tuberculosis and 
other specific infections of the lung or 
bronchi% were excluded by roentgen ex- 
aminations, bronchoscopic and sputum 
studies. Evidence for abscess or necrosis of 
the lung was likewise lacking. 

Mediastinitis on the right side became 
definitely apparent on the roentgenografns 
of the chest taken'shortly after the pa- 
tient's admission to Bellevue Hospital, five 
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months after onset of illness. However, be. 
cause of the extensive opacity in the left 
lung field it was not considered likely that 
all of the chest involvement could arise 
from a vertebral osteomyelitis. Such a view 
was apparently supported. when roentgeno- 
grams of the dorsal spine made at about the 
same time were described as showing no 
evidence of disease. 

As the mediastinal abscess enlarged the 
nodular outline of the widened root shadow 
grew large, lost its sharp delineation from 
the surrounding lung tissue and suggested 
the diagnosis of mediastinal lymphoma. 
The presence of a palpable spleen appeared 
to confirm this diagnosis, and the destruc- 
tive vertebral changes which appeared 
later were ascribed to bony extension of the 
lymphoma. Deep roentgen therapy of the 
abscess which was mistaken for lymphoma 
was soon followed by pointing of the 
mediastinal suppuration with paraverte- 
bral abscess formation and accentuation of 
the septic state. 

The bilateral brachial plexus nerve root 
signs due to’ pressure associated with the 
diseased vertebrae, and indicated by weak- 
ness of the arms and atrophy of the small 
muscles of the hand, developed late in the 
course of the illness. However, a note- 
worthy manifestation of vertebral involve- 
ment which was present from the onset was 
the fixed, supine position which the patient 
constantly assumed. Alwaysebedfastedur- 
ing his entire hospitalization period he 
would not raise his body even to control a 
severe coughing spell or expectorate, and 
would eat his meals lying flat in bed. 

Roentgen evidence of osteomyelitis with 
destruction of the dorsal vertebrae finally 
became apparent seven months after the 
onset of symptoms, concomitantly with the 
superficial pointing of the abscess. By this 
time the vertebrae were completely riddled 
with the pyogenic infection and the disease 
had become far advanced. 

At autopsy the destruction of the dorsal 
vertebrae by pyogenic osteomyelftis was 
very extensive, and the other changes were 
essentially those of suppurative mediastin- 


226 


etis. No gross bleeding areas in the bronchi 
were found to explain the severe and fre- 
quent hemoptyses which apparently were 
due to congestive changes alone. 


SUMMARY 


In the developing clinical picture of pyo- 
genic osteomyelitis of the spine, the para- 
vertebral complications, local or distant, 
may commonly appear as the primary con- 
dition While destruction of the spine may 
progress extensively and, unfortunately, 
remain unrecognized. Any case with high 
fever, pain in the back over the spine and 
roentgenographic evidence of mediastinal 
widening (mediastinitis) should have the 
possibility of pyogenic dorsal vertebral 
osteomyelitis excluded regardless of other 
pulmonary signs, symptoms or roentgeno- 
graphic appearances and despite the failure 
to demonstrate changes in the vertebrae on 
the roentgenograms. 

In conclusion, the clinical, pathological 
and roentgenographic features of this con- 
dition are discussed and an illustrative case 
with autopsy findings reported. 
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' THE THERAPEUTIC VALUE OF ROENTGEN 


2 "TREATMENT IN'CHRONIC ASTHMA 


> By WAYNE M. HULL, M.D., RAY M. BALYEAT, M.D., and L. K. CHONT, M.D. 


.* OKLAHOMA CITY, OKLAHOMA 


2 Ris treatment of asthma by radiation 
was probably first observed by Schil- 
ling in 1906, following prolonged roentgeno- 
scopic examination of an asthmatic suf- 
ferer. Tfeatment by irradiation of the chest 
was later advocated in 1926 by Scotti? in 
London, who reported favorable results in 
21 cases of chronic asthma. He discovered 
that easier breathing frequently followed 
irradiation of breast carcinoma which sug- 
gested to him the possibility of roentgen 
therapy for the relief of asthma. Beneficial 
results have been reported from time to 
time from radiation treatment to various 
parts of the body, particularly the spleen, 
liver, pituitary gland, long bones, and other 
regions. 

Scotts interest in the treatment of 
asthma by radiation stimulated a more 
systematic investigation of the asthmatic 
problem by selecting patients who were 
definitely asthmatic sufferers and free of 
other complications, particularly breast 
carcinoma. He used low voltage and em- 
phasized the importance of exposing large 
fields of the entire trunk to irradiation. He 
believed that relief was obtained in practi- 
cally every case treated, and noticed that 
within twenty-four hours there was usually 
an increase in the amount of mucus ex- 
pectorated from the bronchial tubes. 

In 1929 Scott" reported a series of 121 
cases of asthma treated by radiation in 
wlfich 89 obtained definite benefit. He 
pointed out the importance of careful 
roentgenological examination of the chest 
in all chses previous to treatment. He re- 
marks that a definite fibrosis at the roots 
of the lungs is present in practically all 
asthmatics, which he believes to be a sec- 
ondary condition since no changes were 
detected even after irradiation had been 
successful. The majority of his cases had 
used the numerous remedies and methods 


of treating asthma, including cigarette 
smoke, adrenalin products, medicated in- 
halers, etc., and were in nearly every in- 
stance in desperate circumstances. 

Probably the first systematic treatment 
of asthma by radiation in this country was 
applied at the Mayo Clinic by Maytum 
and Leddy®:* between the years 1931 and 
1934. In the original report of some 23 
patients, 5 were markedly relieved for 
many months, while 8 obtained marked 
relief for shorter periods. In 1939 Maytum 
and Leddy? reported another series, com- 
prising 215 patients, which they treated 
between 1935"and 1938. Twenty-four per 
cent of this group obtained more than 75 
per cent relief which lasted from one to 
four years. A large part of this group (161 
cases) received no other treatment. 
Twenty-three patients, or 14 per cent, re- 
celved as much relief, but in addition to the 
roentgen therapy were put on the regular 
treatment for asthma. 

Observations on the treatment of our 
first series of 100 consecutive cases over a 
six months' period, focused our attention 
unexpectedly upon the importance of in- 
fection in the asthmatic preblem. Due to 
the superior results from the roentgen 
therapy in those infected cases, the selec- 
tion of the 1,500 patients treated since has 
been made easier. 

Although a number of | investigators have 
used roentgen therapy in the treatmene of 
asthma, none have considered fully the 
importance of infected accessory nasal 
sinuses as an etiological and aggravating 
factor in severe cases. The majority of our 
patients who received roentgen therapy to 
the chest, also received radiation therapy to 
the accessory sinuses whenever they were 
found involved. We regard routife roent- 
genograms of the chest and sinuses in all 
asthmatic patients as very important and 
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Whenever evidence of infection was found 
in the paranasal sinuses radiation therapy 
was administered. 

Among the first to report the value of 
irradiation in the treatment of the nasal 
accessory sinuses were Butler and Wool- 
ley? at the University of Oregon, who 


TABLE I 


AVERAGE DURATION OF SYMPTOMS FOR VARIOUS AGE 
GROUPS IN IOO CASES OF ASTHMA 





Age (years) Duration (years) 


Wayne M. Hull, Ray M. Balygat and L. K. Chont 


0-10 2.0 
11-20 e 5.0 
21—30 II.0 
31-40 11.8 
41—50 17.6 
51-60 II.3 
61—70 pA. 
71-80 9g. 


published their results in 1934. They re- 
ported on 450 of 700 patients with chronic 
sinusitis treated with roentgen therapy, 
and considered that 36 per cent were cured, 
55 per cent improved, and 9 per cent 
slightly improved or not helped. From their 
studies they concluded that patients with 
hyperplastic membranes are the most 
likely to be helped, while those with polypi, 
atrophic rhinitis, chronic sinusitis, fibrosis, 
and those who had been unsuccessfully 
treated by radical surgery were the least 
 benef&ed. œ 

The work of Butler and Woolley has 
later been confirmed by others interested in 
the roentgen therapy of the sinuses, par- 
ticularly, by Firor and Waters.’ The latter, 
like Butler and Woolley, studied membrane 
secéions from the sinuses before and after 
treatment in experimental animals and 
occasionally humans. They all agree that 
irradiation should not be used in acute 
sinusitis but can be used with beneficial 
results in the other types, especially sub- 
acute sinusitis and chronic sinusitis with 
thickened membranes. 

In the group treated by Firor and 
Waters, cures were reported in 34 per cent, 
38 per cent were considered markedly im- 
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proved in which the symptoms disappeared 
completely in a short time, while 13 pere 
cent were only slightly improved or fot 
relieved at all. These figures coincide fairly 
closely with the results obtained by Batler 
and Woolley. Firor and Waters concluded 
that approximately 70 per cent of properly, 
selected cases of sinusitis can be cured or 
markedly improved by irradiation. They 
regard the presence of a leukocytic infiltra- 
tion in the sinus membranes an infportant 
factor for good results, thus explaining the 
negligible results in cases of fibrosis and 
atrophic changes where leukocytes were not 
found. Other workers, including Rath- 
bone,? Hodges,’ Osmond,’ and others, have 
obtained similar results with roentgen 
treatment of the accessory sinuses. 

The average age incidence of asthma is 
shown in the accompanying graph (Fig. 1) 
in which it will be observed that the most 
frequent occurrence of asthma in our series 
of patients lies in the age group forty to 
fifty, or 26 per cent. The age groups from 
twenty to thirty, thirty to forty, and fifty 


0-10yrs, 10-207ra. 20-30yre, 30-40yrs. 40—50yra, 50-60yr». 60-70yra. 70-80yca, 


Fic. 1. The age incidence in a series of 100 
consecutive cases of asthma. 


to sixty, show approximately an equivalent 
incidence. The lowest incidence of isthma 
occurred between the ages of seventy to 
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eighty, and ten to twenty, while the inci- - 


dence in children under ten years represents 
IO per cent of all cases. The average dura- 
tioh of asthma in all patients included in 
this group is eleven years and seven months 


(Table 1). @ 
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Roentgen Treatment in Chronic Asthma 


"The protocol reveals some interesting blood count. Reference to Figure 2 shows 
“facts regarding infection, where we find 


229 


that in all patients with chronic asthma 


that in 58 per cent of this series the white and superimposed bronchial infection the 


bleod count ranges between 7,000 and 
* 11,080 white blood cells per cubic milli- 
meter. In 32 per cent the white blood count 
was above 11,000, but in only to per cent 
was it below 7,000. We have always re- 
garded the white blood count as somewhat 
significant in evaluating the presence of 
infection in asthmatic individuals and gen- 
erally more significant than the finding of 
organisms in the expectorated sputum, 
since large numbers of bacteria may be 
found in the bronchial secretions without 
necessarily causing trouble, while in other 
individuals eeven small numbers of organ- 
isms may produce very marked effects. A 
comparison of the white blood count before 
and after treatment is even more confirm- 
ing when in practically every instance the 
blood count can be seen to drop as infec- 
tion 1s eliminated. Figure 2 shows graphi- 
cally the elevation of the white blood count 
before and after treatment in this series of 
cases. One can almost state that an eleva- 
tion of the white blood count in asthmatic 
patients is significant of infection either in 


the bronchial tubes or in the sinuses, when, 
of course, the presence of infectious proc- 
esses elsewhere in the body has been elim- 
inated. 
The presence of protein products from 
bacteria in the bronchial tubes may pos- 
sibly produce two effects, one in which the 
protein simply irritates the bronchial tubes, 
and the other due to specific sensitization 
to these proteins, either or both of which 
mgy cause severe bronchial spasms. In 
other cases, the presence of bacteria prob- 
ably stimulates bronchial secretions with 
accumylation of mucus, and it is well 
known that mucus alone may incite severe 
bronchial spasms. This view is certainly 
supported by observation of those indi- 
viduals who clear up gradually but surely 
as the amount of mucus decreases duning 
or after treatment. e 
The clinical response in most patients 
followed closely the decrease in the white 
: E 


range of the white blood count lies between 
8,000 and 15,000 per cubic millimeter. The 
increase in polymorphonuclears is not sig- 
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13% 
12% 
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4~5000 


5-6000 
6-098 
7-9000 
8-9000 
9-10,000 
10-11,000 
11-12,000 
12-13,000| 
13-14,000 
14-15,000 


Fic. 2. The white blood count before and after 


radiation treatment. Before treatment^——; after 
treatment----. 





nificant and rarely occurs. Following radia- 
tion therapy, there is an almost immediate 
drop in the white blood count which tends 
to persist and eventually reaches an ap- 
proximate normal level, usually quite early 
in the course of treatment. 

Table 1r reveals that in this series of 
patients, 24 per cent brought up no mucus 
at all, 11 per cent a slight amount of mucus, 
and 22 per cent only moderate amounts. 
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The remainder, or 43 per cent, expectorated 
large amounts, and in 51 per cent of all 
patients the secretions were found infected. 
Since various strains of organisms are nor- 


Tase II 


INCIDENCE OF MUCUS AND INFECTION 


None 24% 
Slight 11% 
Moderate 22% 
Heavy 4390 
Infected 51% 


mally found in the bronchial tubes, as well 
as the upper respiratory passages, it has 
not always been possible to say when a 
specimen from any individual is definitely 
infected. It is possible, with reasonable 
care, in practically every case to obtain 
cultures of either streptococci or staphy- 
lococci from the material even in normal 
individuals. We have regarded those pa- 
tients infected who bring up mucus that is 
green, yellow, or yellowish-green, and 
where the white blood count is elevated. 
The common strains of streptococcus 
organisms are not pigment producing 
bacteria (except Streptococcus pyogenes) 
and the mucus is clear or gray. The tem- 
perature in these patients is usually normal, 
although an elevation of one or two degrees 
may occur in acute cases. 
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Fic, 3. Showing portals 1 and 2, angulation of tube 
for the “cross fire" technique to the anterior 
chest. 
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Our treatment of asthmatic patients by 


radiation therapy has varied somewhaf ir 


technique from that used by others. In this 
country Maytum and Leddy, and those em- 
ploying this type of treatment, have Advo- 
cated the so-called direct technique in 
which the purpose is that of concentrating 
the greatest amount of radiation in the 
hilar regions and the mediastinum, We 
have felt that irradiation should be more 
effective when distributed over a larger 
area of the lung where the bronchial tubeg 
are most numerous and therefore have em- 
ployed a so-called “‘cross fire” technique in 
which six distinct field areas of the chest 
are irradiated. The first fields are exposed 
with the patient lying on his back with the 
tube set at about a 45 or 60 degree angle, 
first on the right side and then on the left 
side. The average individual receives about 
100 roentgens of filtered radiation to each 
field, and since two fields are irradiated at 
the same sitting the total dose is about 200 
r daily. The next treatment is given to the 
corresponding fields of the posterior chest 
with the tube directed at an oblique angle 
from the posterior lateral aspect. The lat- 
eral fields are given by direct irradiation to 
the sides of the chest. Two exposures are 
generally given to each field in the course 
of the treatment, depending on the severity 
of the case and the amount of involvement 
in the bronchial tubes. Thus in the average 
individual a total dosage of between 800 
and 1,600 r is administered through six por- 
tals. In severe cases where infection is 
great, or where the amount of purulent 
mucus is considerable, the total dosage 
may be increased above that for the ayer- 
age individual. Likewise, for milder cases 
and in children, the dosage is considerably 
below the average. 


e 
Figures 3, 4 and 5 show graphically the 
so-called “cross fire" technique which we 
have employed in the treatment of our pa- 
tients. The majority of cases in the first 
series received irradiation by the direct 
method, as advocated by Maytum and 
Leddy, with most of the dosage directed in 


the region of the mediastinum. We have 
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been led to believe that irradiation of larger 
«reas of the chest has given better results. 
Most of our patients expectorated vari- 


able amounts of mucus. It was interesting 


«to observe that generally within a period 
of three days to three weeks most indi- 


ve viduals coughed up large amounts of thick, 


6 
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stringy, purulent mucus, oftentimes pitted 
with plugs, and usually in greater amounts 
than had previously occurred. In prac- 
tically all cases where the individual was 


* able to rid himself of large amounts of 


mucus, improvement was almost instan- 
taneous and proportionate to the amount 
brought up. Generally within two or three 
weeks the expectoration of mucus had en- 
tirely ceased, and along with this change 
the patient became free of asthma. Some- 
times the mucus changed a great deal in 
consistency, becoming more liquid or less 
tenacious and easier to bring up. At other 
times it changed in color but it always in- 
creased in amount temporarily, then gradu- 
ally decreased until the individual became 
free of both mucus and asthma. 
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Fic. 4. Portals 5 and 4, showing positions of tube 
for “cross fire" technique to the posterior chest. 


We Rave been able to follow this series 
of patients over a period of eighteen 
months, and during the first year from one 
to three courses of radiation therapy have 
been given. Fifty per cent of the cases were 
in the first group and received only one 
course of treatments during the first twelve 
monthe 35 per cent were in the second 
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Fic. 5. Direct irradiation to lataral aspects of chest 
through portals 5 and 6. 


group and received two courses; I5 per 
cent were in the third group in which 
three courses were given (Table m1). 


Tase III 


NUMBER OF ROENTGEN COURSES FIRST YEAR 


One course 50% 
Two courses 35% 
Three courses 15% | 


One course of treatment consists of fractional daily doses, total- 
ing from 600 to 1,600 roentgens. 


^t 
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As to results, we have classified them as 
excellent, good, fair, poor, and none at all 
(Table 1v). The table shows that they were 
divided as follows: Excellent, 39 per cent; 
good, 40 per cent; fair, 13 er cent; oor, 


TABLE IV 


. . 
APPROXIMATE RESULTS OF ROENTGEN THERAPY IN 
SERIES OF IOO CONSECUTIVE CASES OF ASTHMA 





US 


Excellent | 13960 
Good | r9 70 
Fair My 3% 
Poor 6% 
None 2% 


6 per cent; no results, 2 per cent. It has not 
been a simple matter to classify these in- 
dividuals from a standpoint of results ob- 
tained, and this grading has been made 
entirely on the basis of each individual’s 
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Srogress during the course of eighteen 
months. We regard those with excellent 
results to represent patients who have been 
almost completely relieved, without re- 
currence of attacks during the eighteen 
months’ period. Those with good results are 
individuals who have been almost com- 
pletely relieved, although they may have 
had occasional light attacks that required 
the use of some simple aid such as the 
nebulizér, or tablets, or some other one of 
the various commonly used drugs. Some of 
these individuals recetved their second 
course of treatments during the year. Pa- 
tients in the group regarded as obtaining 
fair results for the most part required three 
courses of radiation. therapy during the 
twelve months period, and in addition to 
that had some trouble most of the time 
with occasional hard attacks of asthma 
that required the use of adrenalin hypo- 
dermically for relief. Those regarded as 
poor were not benefited by the treatment 
as far as we could tell. It is, of course, not 
fair to say that the good results were ob- 
. tained because patients received radiation 
therapy, as they also received regular treat- 
ment consisting of desensitization where in- 
dicated, removal of offending foods, careful 
attention to the environmental factors, etc. 

So far there have been no complications 
of the treatment other than nausea, which 
occurs in practically all patients, but it is 
not severe and quickly subsides within two 
or three days following the treatment. A 
few cases have complained of headache 
following irradiation of the’ sinuses. There 
have been a few patients sufficiently nau- 
seated to vomit. Routinely all cases re- 
ceiving radiation therapy are given 5,000 
units of vitamin B, daily hypodermically. 
In those few individuals where nausea be- 
came marked, 1t was almost invariably con- 
trolled quite satisfactorily by injections of 
liver extract. 

There are two possible dangers that must 
be consigered in irradiation of these indi- 
viduals.* First, excessive irradiation may 
produce a pulmonary fibrosis; second, too 
much irradiation may produce roentgen 
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burns of the skin. In order to avoid any 
possibility of occurrence of either process; 


we have kept accurate records on all pa- 


tients as to the date of each treatment, the 


area treated, filters used, and total dotage, * 


in addition to the distance and the voltage. 
We are confident that the amount of radia- 
tion given to these patients is within a safe 
range of dosage. We are sure that we are 
not producing a pulmonary fibrosis, and 
we are reasonably certain that the dosage 
can be repeated a number of times at inter, 
vals of three to four months or longer with- 
out danger of roentgen burns of the skin or 
damage within the chest. The amount of 
radiation which we are giving to the aver- 
age patient could be repeated each year 
over a period of eight to ten years. The 
greatest danger appears to be 1n the possi- 
bility of these patients being treated in dif- 
ferent parts of the country by irradiation 
without knowledge of previous exposure, 
as the treatment becomes accepted by 
others doing this type of work. 


CONCLUSIONS 


Although this group represents a series 
of 100 consecutive patients, the first we 
have treated by radiation therapy, we 
know our technique has greatly improved 
and that the next 1,529 patients following 
this group which have been treated have 
shown better results. Not only has the 
technique been more thoroughly standard- 
ized, but we have been able to select more 
accurately those individuals who could be 
expected to. obtain most benefit. We are 
able at this time to offer the following con- 
clusions on this method of treatment of 
severe asthma complicated by infection: 

1. We are able to control asthma in 
many individuals who did not gespond 
satisfactorily to methods previously used. 

2. Radiation therapy in asthma is „of 
definite value in those patients who show 
infection either in the bronchial tubes, the 
paganasal accessory sinuses, or both. 

3. Infection has proved to be of greater 
importance in the asthmatic problem than 


previously regarded because of the femark- 
e 9 
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able response of these individuals to radia- 3- 


- tion therapy. - 


i 


l? che "cross fire" method in which the dosage — «. 


4. Radiation therapy in asthmatic suf-, 
ferers free of infection seems to have little 
or ne effect. 

5. The choice of technique is in favor of 


. Is concentrated over the greatest areas of 
the lungs where most of the bronchial 
* 
: 6. 'The method is not without danger but 
e can be regarded as safe when accurate, de- 
tailed records are kept on each individual, 
and where the amount of radiation is 


maintained within a safe range of dosage. g, 


7. We believe that irradiation of larger 
areas of the chest has given better results. 
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ROWE and Baylor! in 1939 mentioned 
the fact that some cases of otitis media 
improved following radon treatments of the 
eustachian orifice for deafness. They did 
not, however, elaborate further on the sub- 
ject. In 1941 Crowe and Burnam? further 
state that their radon method of treating 
the eustachian adenoid tissue has no effect 
on chronic otitis media. With these two 
statements in mind, we wish to present 
some evidence that, in certain selected cases 
of chronic otorrhea, treatment of the eusta- 
chian orifice with radium may be of value 
in controlling the otorrhea: We believe that 
as long as chronic otorrhea continues to 
form a large part of any otological practice, 
any specific therapy which may aid in the 
control of the otorrhea is of the utmost im- 
portance. We do not offer the method as a 
specific for all cases of chronic otorrhea. 
We first noted improvement in cases of 
chronic otorrhea in the course of treating 
with radium the eustachian orifice of chil- 
dren with eustachian adenoids and hearing 


curves showing a predominant high tone 


loss. This observation led us to sort out 
from our files a large grdup of cases of 
chronicotitis media and revaluate them in 
respect to the possible etiology of their 
otórrhea. 

The cases chosen for treatment with ra- 
dium were those in which the persistent 
otorrhea appeared, on physical examina- 
tion, to be due to hypertrophied lymphoid 
tissue in and about the eustachian orifice. 
All lesions of the upper respiratory tract, 
such as,deviated nasal septum, sinus dis- 
ease, t@nsils and adenoids, which might 
contribute to the persistent otorrhea were 
excluded. Patients showing additional mid- 


dle ear disease, such as polyps, granula- 
tions, caries of the ossicles, and patients 
with physical signs of mastoiditis of an ac- 
tive nature, were not included in the group 
to be treated. Roentgen examination was 
not made, as cases of chronic otitis media 
usually show a sclerotic mastoid and we 
felt, therefore, that the films would be of 
minimal value to us. The nasopharynx and 
the eustachian orifices were inspected di- 
rectly with the nasopharyngoscope, using a 
2 per cent pontocaine anesthesia in the nose 
to facilitate passage of the instrument. 

The minimum amount of radium neces- 
sary to carry out the treatments is 25 milli- 
grams (two 12.5 mg. needles). Each needle 
per se is composed of an alloy having a den- 
sity of 8.7 and walls o.3 mm. thick. Such 
a needle transmits 99.2 per cent of the 
gamma rays. Of the total amount of radia- 
tion emanating from these needles, a rela- 
tively high percentage is beta radiation. 

The applicator for carrying out the ra- 
dium treatments is the same as that used 
in the treatment of deafness with radium.? 
The entire applicator consists of three parts 
—head, cap, and handle. The head is com- 
posed of two parallel chambers open at one 
end, and with brass walls 1 mm. thick. It is 
3 cm. long, 0.6 cm. wide and approximately 
3.5 mm. thick. There is an oval window 1.5 
cm. long on one side of the head so that 
when it is placed in its treatment position 
against the os of the eustachian tube the 
radium is unfiltered other than the filter 
supplied by the walls of the needles. When 
logded for treatment each chamber of the 
head contains one 12.4 mg. radium needle. 
The cap holds the two needles in place. It 
is an oval, flat piece of brass, 1 mh. thick 
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and of sufficient size to cover the open ends 
tf the chambers in the head. There is a 
small hole in one end of the cap just large. 
engugh to allow the passage of the threaded 
‘end òf the semiflexible steel wire handle. 
On the other end of the cap and on the 
underneath side is a small steel plug which . 
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treatments, we have constructed two suclf 
instruments, one the mirror image of the 
other. Previous experience in treating 
hemangiomata on the mucous membrane in 
children with these needles in contact and 
without additional filtration has established 
the erythema dose to be between 12 and 


TABLE I 
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UNCHANGED NO DATA 


DURATION DRUMS HEARING RECURRENCE 
OTORRHEA AFTER AFTER OTORRHEA 
AFTER RADIUM RADIUM [AFTER RADIUM 
RADIUM TREATMENT |TREATMENT TREATMENT 
ERI? GTTEUIMNL KREIS 
LT. PARTIALLY HEALED 


8 MOS. LATER FOR 4 WX, 


NO CHANGE 
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UNCHANGED NO DATA NONE IN 7 MOS. 


+— 25 per cent improvement in hearieg. 
+-+-— 5o per cent improvement in hearing. 
+-+-+— 75 per cent improvement in hearing. — S 
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fits in to the open end of one chamber of the 
head. The open end of the other chamber 
is threaded. When the threaded end of the 
handle is screwed into this, it not only re- 
tains the needle in place in the chamber, 
but also holds the cap on, which in turn 
secures the other needle firmly in its chgm- 
ber. The semiflexihle wire handle is 13.4 
cm. long. 

In offer to save time in carrying out the 

: e 


+-+-+-+-—I00 per cent improvement in hearing. 


15 mg-hr. In view of the relatively high de- ` 
gree of sensitivity of lymphoid tissue to ir- 
radiation, we felt that approximately one- 
third of an erythema dose (5 mg.-hr.) 
should be sufficient. Such a dose requires a 
treatment time of twelve minutes to one 
eustachian tube orifice, or twenty-four 
minutes if both orifices are treated*with one 
applicator containing 25 mg. of radium. If 
four such needles (50 mg. of radium) are 


‘wvailable and two applicators are used, 
both orifices can be treated simultaneously 
in twelve minutes after local anesthesia has 
been established. 

We have found the application of one 
treatment of 5 mg-hr. (one-third of an 
erythema dose) sufficient in most instances. 
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Fic. 1r. Case r. June 4, 1941. Prior to radium treat- 
ment. This patient showed a marked defect in the 
hearing of the left ear. The relative amount of 
adenoid tissue about the eustachian orifices is 
shown schematically. 


Occasionally, a second treatment of like 
magnitude has, been necessary in three 
months in order to bring about the desired 
results. 

The actual treatment is carried out in the 
otology clinic. Following local anesthesia 
witl?2 per cefft pontocaine, the head of the 
applicator is passed through the inferior 
meatus with the oval window in the head 
toward the lateral wall. Owfng to the shape 
of the applicator 1t will drop into position 
in contact with the eustachian tube orifice 
antl remain fixed throughout the treatment. 

Table 1 shows the results obtained in the 
treatment of chronic otorrhea in 30 care- 
fully selected cases. In 4 cases healed drums 
resulted, and in 2 of these 4 cases the otor- 
rhea had existed for ten and for. twenty 
years, respectively. Five cases had recur- 
rerice of otorrhea. ‘Two of these recurrences 
followed swimming and were of short dura- 
tion, clearing without subsequent radium 
treatment. In 2 of the cases the recurrent 
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otorrhea ceased following a second dose of 
radium. One case was without frank ofor* 


. rhea, but the middle ear remained moist. 


In 3 cases we were unable to obtain a dry 


e 


ear; 2 of these had less otorrhea, buf in 1* 


case we failed entirely. All of these patients 


have received such other treatment of rou- : 


tine nature as was indicated. One additional 
case is mentioned which is not included in 
the charts. This case developed a, surgical 
mastoid following an upper respiratory in- 
fection. 

The following 4 cases are selected from 
a group of 35 cases treated. The 35 patients 
treated were carefully chosen 1n respect to 
the aforementioned criteria from over one 
hundred and fifty cases of chronic otitis 
media. The 4 cases illustrate the effective- 
ness of the treatment on the chronic otor- 
rhea due to eustachian lymphoid hyper- 
trophy and also show the effect on the 
hearing curve. 


Case 1t (Fig. 1 and 2). J. P., white male, aged 
seventeen, was first seen in the Otological Clinic 
of Strong Memorial Hospital on June 4, 1941. 
A history of intermittent otorrhea bilaterally 
following scarlet fever at two years of age was 
obtained. The otorrhea on the left had been con- 
stant for the last two years. Examination re- 
vealed a healed drum on the right, and a large 
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Fic. 2. Case 1. July 16, 1941. Six weeks following 
radium treatment. Audiogram shows marked im- 
provement in hearing of the left ear, and the 
eustachian orifices are "clear of hypertrophied 
lymphoid tissue. No otorrhea for ong year and 
three months. 
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central *perforation of the left drum, with 
qtorrhea from which was cultured B. proteus. 
No granulations or polyps were seen in the left 


middle ear. There was adenoid tissue about the ' 


eustachian orifices, especially on the left. A 5 
‘mg-hr. dose of radium was given June 4, 1941, 
by the intranasal route. Re-examination on 
' July 16, 1941, showed both ears dry, the left 
drum showed no indication of healing. A good 
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Fic. 3. Case rr. The audiogram done May 27, 1941, 


shows the state of the patient's hearing previous 


to radium therapy. Again the eustachian orifices, 


represented schematically, show profuse studding 


with hypertrophic lymphoid tissue. 


improvement in hearing was also noted, es- 


pecially for the left ear, and the eustachian 
orifices appeared clean. There has thus far been 
no further otorrhea. 
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Fic. 4. Case xt. Audiogram of August 6, 1941, shows 
a remarkable return in, hearing and the eustachian 
orifices showed no hypertrophic lymphoid tissue. 
No oto@hea for three months. 


Case u (Fig. 3 and 4). C. R., white maley 


aged twenty-five, was first seen in the Deaf 
Clinic of Strong Memorial Hospital on May 27, 
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Fic. 5. Case ur. Audiogram prior to radium treat- 


ment shows marked defect in hearing of the right 
ear, and there is profuse lymphoid hypertrophy 
about the eustachian tubes. Radium treatment 
given June 18, 1941. 


1941. A history,of ear disease since the age of 
nine months was obtained. His tonsils and 
adenoids had been removed in childhood. 
Otorrhea had been constant bilaterally for the 
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Fic. 6. Case nr. One month later the audiogram 
showed some improvement in hearing of the right 
ear, and the eustachian tubes were clean.| No fur- 
ther improvement in the hearing is expected in 
this case. 


past five years. Examination showed a moderate 
sized perforation of the right drum and the left 
drum was completely destroyed. There ap- 
peared to be no caries of the ossicles, and no 
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\sranulations in the middle ears. Both eusta- 
chian orifices were heavily studded with lymph- 
oid tissue, especially the left. Culture of both 
ears showed Staphylococcus aureus. A 5 mg-hr. 
dose of radium was given by the intranasal 
route. Examination on August 6, 1941, showed 
the right drum healed without scarring, the 
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Fic. 7. Case tv. Audiogram prior to radium therapy 
shows rather: marked defect in the left ear, and 
profuse bogginess of both eustachian orifices ls 


charted schematically. 


left drum partially closed and the middle ear 
was dry. The eustachian orifices were open. 
The patient had also had an excellent return of 
hearing. 


Case ut (Fig. 5 and 6). M. B., white male, 
aged twelve, was first seen in the Otological 
Clinic of Strong Memorial Hospital because of 
consgant otorghea on the right for seven years; 
intermittently the discharge had been profuse 
and foul. Examination showed the left ear to be 
normal, but the right drum had been entirely 
destroyed with a fairly profu$e discharge from 
which A proteus was cultured. The tonsils and 
adenoids were chronically infected. Tonsillec- 
toMy and adenoidectomy were performed April 
8, 1941, after which the discharge lessened but 
did not cease. Nasopharyngoscopy revealed 
swollen edematous eustachian orifices with hy- 
pertrophied lymphoid tissue about them. A 5 
mg-hr. dose of radium bilaterally was accord- 
ingly given on June 18, 1941. The otorrhea on 
the right soon ceased and on re-examination 
July 16, 1941, the ear was completely dry. 
There h&d been no healing of the drum, and 
the eustachian tubes were open. The audiogram 
at that time showed very little improvement 
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over the original hearing curves. The patient is 
now to receive a course of nicotinic acid in ag 
effort to further improve the hearing in* the 
right ear. 


Case 1v (Fig. 7 and 8). P. L., whiteemale, 
aged eight, was first examined at Strong 
Memorial Hospital on November 3, 1939, be- 
cause of persistent otorrhea on the left since the 
age of four months. Examination showed the 
right ear to be normal. Both lower quadrants of 
the left drum had been destroyed and the dis- 
charge was foul and profuse. Tonsils and ade- 


n 


* i 
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noids were removed cleanly at the age of five * 


years. Culture of the aural discharge showed 
Friedlander’s bacillus. The usual conservative 
measures of ear drops and dry wipings were pre- 
scribed. The otorrhea still persisted, but no 
granulations or polyps were noted in the left 
middle ear. Diffuse hypertrophy“of the lymph- 
oid tissue about the eustachian orifices was seen 
on November 11, 1940, and a § mg-hr. dose of 
radium was given by the usual intranasal route. 
By December 12, 1940, the ear was nearly dry 
and a slow improvement in hearing was noted. 
By April 2, 1941, the ear was dry, the eusta- 
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Fic. 8. Case 1v. A year and a half later a nice im- 
provement in hearing is seen, the ear dry, and the 
eustachian orifices clean. 


chian orifices open, and there had begn a good 
but not complete return of hearing. On the pa- 
tient's last visit in December, 1941, the ear was 
still dry, the drum showed no evidence of heal- 
ing, and the hearing showed no further improve- 
ment. 

P DISCUSSION 


The 4 cases serve to illustrate what may 
be expected in selected cases of chronic 


À is 
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| 
otorrhea treated with radium. The tech- 
aique of the treatment is exactly the same 


as Used in the treatment of deafness and , 


was Gee by us in detail in our previous 

spapes.? The dose is also the same, i.e., 5 
mg-hr. of radium to each custachian tube, 
,repeated in six weeks to three months, if 
necessary. 

It is important to remember that cases, 
to show good results, must be carefully se- 
lected. Patients who show concomitant 
chronic lesions such as ossicular caries, 
dural polyps or granulations, and involve- 
ment of the mastoid, will not show cessa- 
tion of the otorrhea from irradiation of the 
eustachian tubes alone, but must have 
treatment, as indicated, for the middle ear 
lesions as well. It must be reiterated that 
pre-existent infectious processes or ana- 
tomical malformations of the upper respira- 
tory tract may result in failure of the ra- 
dium treatment of these cases. In suitable 
cases, the duration of the otorrhea seems 
not to be important. 

The degree of healing noted in the tym- 
panum will vary from none at all to com- 
plete sealing by what appears on inspection 
to be normal or scarred drum tissue or by 
thin atrophic membrane. If, as indicated 
above, there are polyps, caries of the ossi- 
cles, granulations, or severe involvement of 
the mastoid, the results of this treatment 
are not so satisfactory. Irradiation will, 
however, be of some aid in the treatment of 
these more complicated cases, especially if 
the eustachian orifice is found to be deeply 
buried in hypertrophied lymphoid tissue. 

The irradiation of the eustachian orifice 
in these selected cases has been a definite 
aid'in the control of the chronic otorrhea. 
In 4 instances the drums have healed and 
in these cases only can we say that the 
treatment cured the patient. The rest of 
the cases continue to have perforated 
drums and thus are open to reinfection from 
without as was the case with 2 patients who 
went swimming. Again the ears may start 
to discharge after a recurrent upper respira- 


tory infection. To illustrate this, we cite a 
o 
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case which had cessation of otorrhea follow-9 
ing treatment and which, after a ‘severe 
nasopharyngitis, had a recurrence lof the 
otorrhea and developed a surgical mastoid. 
From the above it is seen that the method 
described is by no means a cure for chronic 
otitis media, but in those cases where ces- 
sation of otorrhea is obtained, the patients 
are relieved of a most annoying symptom 
and the hearing may be improved as well. 


CONCLUSIONS 


1. A simple and effective means of treat- 
ment of selected cases of chronic otorrhea 
with a single small dose of radium has been 
described. 

2. The cases suitable for treatment with 
radium are those in which persistent otor- 
rhea is accompanied by hypertrophied 
lymphoid tissue about the os of the eusta- 
chian tube, and in which concomitant mid- 
dle ear and active mastoid disease do not 
exist. 

3. Healing of the tympanic membrane 
may occur, varying in degree from none at 
all to complete repair. 

4. Pre-existent upper respiratory disease 
should receive the necessary attention, if 
the best results from irradiation of the eu- 
stachian tube are to be expected. 

5. The hearing may be improved. 

6. In those cases with persistent tym- 
panic perforations, recurrence of theotor- 
rhea may result either from wfthout or ftom 
extension of an infectious process in the 
nasopharynx. 


e 
We wish to express our thanks to Dr. Clyde A. 

Heatly for making this work possible. — * 
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MILD RADIUM THERAPY; DEFINITION AND METHOD OF APPLICATION 
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I. GENERAL CONSIDERATIONS 


4 ‘HE discovery of-radium led at first to 
the hope that radium salts could in one 


. way or another be used, not only locally, 


but alsb for their effect on the body as a 
whole. Therefore the attempt was made to 
determine the dose of radium, either in- 
ternally or by injection, which could be 
safely used. Here, however, obstacles arose 
which were difficult to overcome because 
of the complexity of treatment by radio- 
active bodies. Even now these difficulties 
have not been completely surmounted 
owing to a lack of proved biological facts, a 
perfectly clear understanding and a precise 
definition of the desired end to be attained. 


II. TOXICITY OF RADIUM AND MESOTHORIUM 


Difficulty arose from several reports 
showing that radium salts, several years 
after their ingestion, manifested an extreme 
and entirely unexpected toxicity. Numerous 
cases were published. For example, Flinn, 
in 1932, reported the death of an individual 
who for two years and a half had been tak- 
ing a water ("Radithor") containing 2 
micrograms of radium salts per dose and 
whd&e body*tontained 40 micrograms of 
radium. Symptoms of severe poisoning 
(bone sarcoma) were observed in women 
workers in a watch factory Who painted the 
watch dials with phosphorescent zinc sul- 
phide containing radium and who were 
accustomed to point their brushes with 
their lips. In 1936 Dechaume? published 
several cases of necrosis of the jaw following 
injection of mesothorium. 

These irreversible lesions caused by 
radioactive bodies resemble, to a certain 
extent, those observed in "strong" radium 
therapy (exceeding 5 mg.) used in the 
treatment of cancer, and are the result of 


: two- different properties of radium. The 


first of these properties consists of regular 
radioactive power, with the emission of 
gamma, beta, and especially alpha, rays. 
The second, which 1s unexpected, Is the 
affinity of ‘long-lived radioactive bodies 
(radium, mesothorium) for certain tissues, 
especially the bone marrow and the bone 
cortex, an affinity similar to that of other 
metals of the calcium order for the skeleton. 
Because of this, deposits of radium or other 
radioactive substances are formed in the 
body and act as permanent sources of 
alpha, beta and gamma radiations, which 
after a quasi-inactivity of five, ten or even 
fifteen years are capable of bringing about 
the most serious conditions: bone necrosis, 
destruction of the bone marrow with con- 
sequent anemia, osteosarcoma, etc. 

Thus, although Flinn® at first believed 
that a deposit corresponding to 10 micro- 
grams of radium was the limit tolerated, 
his later observations and the observations 
of others point to the lowering of this limit 
to I microgram or even to a fraction of a 
microgram (Hirschi and Bodmer,? Rajew- 
sky??). 

Therefore, long-lived radioactive sub- 
stances such as radium and mesothorium 
should be completely eliminated from 
"mild" radium therapy. They should be 
used only in short, local applications, suit- 
ably filtered, with the object of destroying 
a definitely limited mass of pathological 
tissue. The same is true of "radioactive 
salts," “radiferous earths” and “salts of 
rare earths," descriptions which should 
never be used in therapy because’of their 
vagueness in designating complex products 
containing salts of radium or mesothoriüm. 
Their toxicity is unpredictable and they 
should not be used therapeutically as long 


S 


as their composition is not definitely known . 


and clearly defined. 


Sh 


240 


| 
i s 49, No. 2 " 


$ 


e 
III. HARMLESSNESS OF SHORT-LIVED 
e RADIOACTIVE SUBSTANCES 


On the other hand, no accidents have. 


been reported after the use of short-lived 


'radidactive substances of the type repre- 


Li 


sented by radium emanation of radon. Up 
to now, in fact, doses as high as 100,000 
millimicrocuries* a day (Happel?) ingested 
by mouth apparently have caused no ill 
effect; at least none have been reported. In 
addition, Hirschi, Fernau and Smereker! 
have plainly demonstrated the absurdity of 
the idea that in such doses radon could be 
toxic. Innumerable experiences at radio- 
active and thermal spas, such as Luchon, 
Gastein, and others, are significant. It is 
obvious that if the daily ingestion of radon 
by the inhabitants of such spas, year after 
year and generation after generation was 
harmful, the geographical pathology would 
long ago have shown this fact. 

At Joachimsthal, Czechoslovakia, where 
the miners work all through the year in an 
atmosphere of considerable radioactivity 
(2x10-" to 6X107^9 and even 2X10 
millimicrocuries per cubic centimeter), the 
malignant pulmonary tumors observed are 
now considered to be due to the dust of 
arsenic and chromium and particularly of 
radium contained in the air of the mines, 
not to radon itself. If radioactivity has any 
part in the production of these tumors, it 
is in the dust containing radium salts or 
other long-lived substances. Flinn? believes, 
however, that the presence of radon in the 
air may have had an effect on the absorp- 
tion of some toxic metals but concludes 
that if there is a toxicity of radon at all, it 
mgy appear in other organs rather thanin 
the lung. 


IV. DEFINITION 


These considerations lead us to give what 
has hitherto been lacking—a precise defini- 
tien of “mild” radium therapy, internal 
radium therapy or radon therapy. It 1s a 
method of treatment in which radioactive 
substances are used internally by ingestibn, 


e 
* í millimicrocurie equals 107? curie 
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or externally by local application, such af 
is done at radioactive spas (by drinking, 
by baths or by mud). However, in “mild” 
radium therapy doses larger than lin the 
spas can be used in order to obtain! better 
results without provoking any irreparable 
lesions in the body. This is in distinction to 
"strong" radium therapy which does cause 
such lesions and which is used almost ex- 
clusively in the local destruction’ of neo- 
plastic tissue. . 


V, PREPARATION OF RADON 


Radon is the only substance which can 
be considered .suitable in mild radium 
therapy, although Weil" Duvoir and 
Layani? and some others, have for years 
used thorium which undoubtedly entails 
greater risks than radon. The preparation 
of radon for therapeutic use entails con- 
siderable obstacles on account of its short 
life and requires, therefore, complicated 
procedures. All radioactive preparations 
with radon as base and free of radium have 
hitherto had to be prepared as they were 
needed. An emanation producing apparatus 
was necessary into which the vehicle (water, 
oil, charcoal, etc.) had to be introduced for 
an exactly determined time in order to be 
charged with radon to the desired extent. 
After this time, the preparation should be 
used without delay as delay would decrease 


its radioactivity. 


VI. AUTHOR’S METHOD 


The method which was devised for bio- 
logical investigations in the presence of a 
constant concentration of radon obviates 
this grave disadvantage. It is based on the 
principle that, in a closed space, 1t is fos- 
sible to bring about a radioactive equilib- 
rium between a determined quantity. of 
radon and an insoluble salt of radium meas- 
ured in such a way as to replace exactly, 
and so to speak, atom for atom, the radon 
which disappears in the course of its natural 
disintegration. It is obvious that this 
method must be adapted to the nature, to 
the chemical properties, and above all, to 


uk 


the physical properties of the medicament 
with which one desires to combine the 
radon. In addition, it will be necessary to 
make adjustments for the various vehicles 
whose choice 1s determined by the disease 
and the method of administration. There 
are, therefore, described the adaptations 
for the following methods of administration. 





a. Oral Administration. A constant degree 
of radon can be maintained in mineral 
waters, both naturally and artificially radio- 
active. The method consists of introducing 
into the bottle when it is being filled either 
at the radioactive spring or, if it 1s artificial, 
in tie factor}, a strip of mica (Fig. 1) (4) 
which is held to the neck of the bottle (B) 
by its elasticity. This strip serves as sup- 
port for a glass tube (C) c@ntaining in the 
form o£ an insoluble salt, the quantity of 
radium which 1s exactly in equilibrium with 
th& radon contained in the water. For the 
sake of safety, the radium salt is separated 

from the liquid by a semipermeable mem- 
brane. 

Dosages of radioactivity extending over 
several years have demonstrated an ab- 
solute constancy in the radon content, 
without revealing the slightest trace of 
radium én the water. 

The same method may be applied to any 
other medicines preserved in bottles. 
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$ 
b. Subcutaneous, Intramuscular or'Intra- 
venous Injection (Vesical Instillation). Fig-, 


ure 2 shows an ampule containing* a 
radioactive liquid for injection. The in- 


soluble radium salt is enclosed in, the, 


semipermeable membrane (D) and inserted 
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between two plates (Æ) of unoxidizable e» 


metal, fastened on a support (7) which is 
elastic, keeping the apparatus in a fixed 
position inside the ampule (G). In* this 
form the device can be sterilized, *even in 
the autoclave. | 

For subcutaneous and intramuscular 
injections, as well as for vesical instilla- 
tions, an oily vehicle is recommended. This 
permits the complete utilization of the 
radon employed because of 1ts high degree 
of solubility in oil, which is môre than 100 
times that of its solubility in water. 

c. Rectal and Vaginal Administration 
(Suppositories). In order to maintain a con- 





stant content of radon in suppositories, the 
insoluble radium salt which is to rfaintain 
equilibrium with the quantity of radon 
contained in the suppositories is placed*in 
such a way that it is easy to withdraw it at 
the time of use (Fig. 3). This radium salt is 
placed in the cavity (H) of the metal sup- 
port (Z) and covered evenly with a very fine 
membrane applied directly on tee metal 
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support, the latter being buried in. the 
radioactive suppository (7). In order ito 
prevent loss of emanation through diffusion 
in the air, the suppository is placed in a 
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the radon. It may be a gas, a liquid solution’ 


(aqueous or oily), or a solid (fatty sub- 


. stance, gelatin, etc.), the choice being made 


by consideration of the rapidity of diffusion 


ma 





Rectal Suppository 








Kallon contained in 500 œ. erłhaled air 
s 8$ 3$ 
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glass tube (K) hermetically sealed by the or elimination, which is, in the last analysis, 


- stopper (L). 

Before using, the suppository is removed 
from the receptacle in which it is enclosed 
and the support (7),is withdrawn. 

It should be noted that this method per- 
mits the*thoice of any vehicle whatever for 
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Vaginal Suppository 
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the solubility of radon in each medium. 
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VII. THE ELIMINATION OF RADON... 


The largest part of radon ingested IS 
eliminated by the lungs. In normal persons 
speed of elimination generally depends on 
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‘the pulse rate. A person with a very rapid largely on the disease. The following illus- ~ 
pulse will eliminate radon much more trations show some curves by Meyer fo» 
rapidly than one with bradycardia. Figure 4, .patients with pulmonary disease (Fig. ^5), 
which was taken from a publication by and pneumothorax (Fig. 6). Also, if the 
Meyer, shows the experimental results of radon has been taken orally, elimination. 
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this exhalation. In general, it may be 
stated that radon 1s completely eliminated 
at the end of two or.three hours (Fig. 4). 
A sièk person eliminates radon in a dif- 
ferent way from a perfectly healthy one. 
Thus the curve of elimination depends 
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wil vary according to whether or notin- 
gestion was made on an empty stomach 
(Fig. 7). The radon water may also have 
been taken in small sips. Figure 8 clearly 
illustrates this point. 

If the quantity of water and®adon in- 
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gested at one timegives the curve Just seen, 
*he same dose taken at ten different times, 


a tenth every five, ten or twenty minutes,. 


gives wavy curves with lower summits. 
s 


empty stomach 





immedialely after 
breakfast 
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doses as by absorbing it all at.once, for 


example, after a meal when the stomach 1s 
full. This phenomenon is explained by the 
presencein the stomach of a certain quantity 


20 min after breakfast 
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RADON WATER in 


MALL SIPS. 
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" rig sman Stps f0 times Fo cv. Savin 
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Thus the body can be kept almost con- 
stantly under the influence of radon and its 
action may be prolonged. : 
In comparing Figures 7 and 8, it IS ap- 
parent that the action may be prolonged 
just as “ell by ingesting radon in small 





of fats. At room temperature these latter 
absorb about 100 times as much radon as 
water does. Consequently these fatty sub- 
stances are slow to give up the radon they 
contain in solution. Also, radon taken after 
a meal is not diffused in the body as 
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Mundo for it is retained in the digestive 
tract as long as the fats themselves. It is 
fxed much more strongly by fats than by 
.aqueous liquids which constitute the prin- 
cipal mass of the bodily tissues. 

From a practical point of view, then, it 
Is better to administer radon in the form of 
a fatty ointment. This has been done effec- 
tively for more than twenty years, espe- 
cially in local treatments. 

This*method should be more generally 
used for it yields results greatly resembling 
(as shown by Meyer") those attained by 
ingestion in small mouthfuls; that is, it 
maintains the body under the radon influ- 
ence, if not continually, at least for a pro- 
longed time, while the aqueous solution has 
only a momentary effect. 

The solutions in fatty substances may be 
used not only for the skin, but also for all 
the natural cavities: rectum, vagina, blad- 
der, urethra, nose, pharynx, bronchi, and 
perhaps even the pleura. (oleothorax). 


VIII. CONSTITUTION OF THE 
ACTIVE DEPOSIT 


There remains now the question of the 
posology of radon; but for that one must 
examine the question of the constitution of 
the active deposit. 

In emitting radiations, all radioactive 
substances, radon included, give birth to a 
succession .of new radioactive elements 
beldhging by*their origin to one of the three 
radioactive groups. These constitute the 
"active deposit," in the case of radon, 
Ra A, Ra B, Ra C, Ra C'? Ra C^, Ra D, 
Ra E, and finally Ra F or polonium. 

Ra A, Ra B and Ra C disappear so 
rabidly that they need not be considered. 
Actually the period of demi-transformation 
of Ra B, the longest living of these sub- 
stances, 1s only 26.8 minutes. Only Ra D— 
whose demi-transformation is sixteen years 
—and its successors, need be taken into se- 
rious consideration. According to Hirschi's? 
calculation, oral ingestion of 4,000 milli- 
microcuties daily is followed by the elim- 
ination of 3,960 millimicrocuries. This 
leaves 40 millimicrocuries which disinte- 
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grate in the body and consequently help A 


create an active deposit of radium D. These 
40 millimicrocuries a day, in the course of a 


year will accumulate in the body the SE 
lowing amounts of Ra D, Ra E and Ra F:. 


RaD  68.6x10-! grams 
Rab — 3.8X107"* grams 
. RAF. 4.6x107? grams 


As a matter of fact, a large part ofethese 
substances is eliminated from the body 
before acting on the tissues, a phenomenon 
which has not been taken into considerae 
tion in these calculations but: which 1s 
nevertheless important, as lead, for in- 
stance, whose chemical affinities are similar 
to Ra D, disappears from the tissues to a 
great extent and in a relatively short time. 

Fernau and Smereker* also made calcula- 
tions, adopting as a starting point the daily 
ingestion of 3,640 millimicrocuries. Their 
figures for the active deposit are: 


RaD $.06x107? grams 
Ra E  3.13X1075 grams 
RaF = 823X10-* grams 


The rate of accumulation in the body of 
Ra D, Ra E, Ra F(polonium), calculated 
by Hirschi, corresponds to that found by 
Fernau and Smereker, the apparent differ- 
ence arising principally from the fact that 
Hirschi, as mentioned above, did not take 
into consideration the fact that these three 
substances are partially eliminated. 

Let us now consider the effects that such 
a deposit may produce. From the chemical 
viewpoint, it may be noted that Ra D, Ra 
E and polonium are respectively isotopes 
of lead, bismuth and tellurium. The idea of 
ESSI toxicity from these three simple 
substances in doses of 10-75 to 10-9 gram 
(0.000,000,000,001 to 0.000,000,01 milli- 
gram) i IS, without doubt, untenable: There 
remains the question of physical toxicity, 
which may result from the energy liberated 
in the form of beta rays of Ra D and Rå E 
and alpha rays of polonium. If we take as 
the basis of these calculations the results 
obtained by Hirschi, that is, purposely 
overlooking the elimination of Ra D, Ra E 
and Ra F, which may go as high As go per 
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cent of the quantity ingested, the calcula- 
“ign may be made as follows: 8.6 X 107! gm. 
of Ra D contains 8.6 X10" x 2.88 X 10%. 
. =g.48 X10" atoms. The radioactive con- 
, "stant of Ra D being 1.00 X 107? X sec, the 
number of atoms which disintegrate per 
p second will be: 2.48 X10" X1.00 X107? 
—2.48 X10*. Granted that, according to 
Rutherford,” the disintegration of Ra D 
emits 1.5 beta rays per atom disintegrated 
and the energy produced by each of these 


—8 
* rays is on an average 6.21 X 107? ergs, the 


energy liberated per second will be as 
follows: | 2.48X10?X 1.5 X6.21 X 10-8 = 23 
X107 or 2.3 X 10^? ergs. 

Proceeding in a similar fashion for Ra E, 
whose radioactive constant is 1.66 X10-5X 
sec-! and which emits, per atom disinte- 
grated, 1.06 beta rays each having an 
energy of 4.491X1077 erg, the energy 
liberated per second by 3.8 xi 1074 grams of 
Ra E is: 3.8x10-74X2.88 x 10?! x 1.66 
X10-5X1.06 X4.491 X107 = 8.65 X105 
ergs. 

In calculating the energy liberated by 
4.6 X107 grams of polonium it must be 
taken into consideration that its radioac- 
tive constant is 5.88 Xx 10-?X sec! and that 
the alpha ray emitted in the course of the 
disintegration of each atom has the kinetic 
energy of o.84X10-5 ergs. The energy 
liberated per second by this quantity of 
polonium is: 4.6 X 1078 2.88 x 10% x 5.88 
X 10-8 X 0.84 X Io =6.54 X10 ergs. To 
summarize: 


8.6 X10~ prams of Ra D liberate 2.3 X10% ergs per second 
3.8 X1074 grams of Ra E liberate 8.7 X107* ergs per second 
4.6 X107 grams of Ra F liberate 65.4 X1075 ergs per second 


Total 76.4 X107 ergs per second 


One microgram of radium anchored in 
the body produces, with all its products of 
disintegration, 1.976 ergs per second. The 
above mentioned quantities of Ra D, Ra E 
and Ra F (polonium) thus produce an 
energy corresponding to that emitted by 
39X10 micrograms of radium or to 
0.000,000,39 milligram of radium fixed in 
the body. 

It is known that the skeleton and certain 
other ofgans of the human body possess a 
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certain very weak radioactivity, due T. 
ingested food and drink. Fernau and 
Smereker calculate this radioactivity at 
I. X105, or 0,000,015 milligram. The 
amount of long-lived radioactive sub- 
stances corresponds, therefore, as far as its 
physical effects are concerned, to a maxi- 
mum of 2.6 per cent of the natural radio- 
activity of the human body. We must 
admit that this radioactive deposit has 
been formed by the ingestion of ån exag- 
gerated quantity of radon. As was demon- 
strated above, the active deposit which 
served for comparison was calculated with- 
out taking into account the elimination of 
Ra D, Ra E and Ra F, and this elimination 
18 relatively large. We may then conclude 
that the daily ingestion of approximately 
4,000 millimicrocuries, in the course of a 
year will not, in the long run, have any 
harmful effects. 

These theoretical deductions, as stated 
above, are confirmed by long empirical 
experience at radioactive spas. Disagree- 
able or toxic effects of radioactivity have 
never been observed among the natives or 
the employees of such spas who have been 
exposed without taking any precautions, to 
the inhalation of considerable quantities of 
radon for years. 


IX. CONCENTRATION OF RADON 
TOLERATED BY THE BODY 


Investigations in the sphei of induStrial 
hygiene allow us to approach the question 
from another angle. Barker! calculated that 
workers in a factory for luminous watch 
dials were exposed to an atmosphere con- 
taining 5 X 107 curies per liter, that js, 500 
times the quantity of radon found i in ordi- 
nary air. Let us grant that the constant 
presence in the body of 3,600 milliliters of 
air corresponds to 4 X10-? milligrams of 
radium. The human body contains, accord- 
ing to what was stated above, 1.5 X107? 
milligrams of radium. The radiation of 
radon will therefore be at the rate of 0.3 per 
cent of the radiation due to natural radio- 
activity of the body. Therefore, according 
to Barker, any toxic effects in these work- 
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ets, by ingestion of radon, are inconceiv- 
able. 

"In a similar study on the radon content 
of the air in radium laboratories, Read and 
Mottram" admit that the “tolerance con- 
centration" for radon 1s approximately 
10-M curie per cubic centimeter, or 107° 
curie per liter. 

The air in the Joachimsthal mines con- 
tains 2X 10-7? to 6 x 107, sometimes even 
2 X 1078 curie per cubic centimeter. Never- 
theless, the pulmonary carcinoma observed 
in the workmen of these mines is attributed 
by these authors to the chromium and 
arsenic in the “dust of the atmosphere. 
Moreover, as Humphris*® remarks, radio- 
active dusts may be deposited in the lungs 
as a result of employing electric drills. 
Tschelnitz'? believes that in addition to the 
dust of radioactive substances, quartz dust 
may also be a very important factor in the 
development of lung cancers. Flinn® asks 
whether, in such concentrations, radon may 
not produce some deleterious effect in men 
working all year and for many years in this 
atmosphere. At present it seems that this 
question can be answered only negatively. 


X. DOSAGE USED IN TREATMENT 


We are now in a position to approach the 
important question of dosage of radon. The 
calculations of Hirschi? and of Fernau and 
Smereker* have shown that the energy 
produced by the long-lived active deposit 
following the ingestion on an average of 
1,460,000 millimicrocuries in the course of 
a year is at the rate of 2.6 per cent of that 
produced by the natural radioactivity of 
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as far as calculations are concerned. The 
natural radioactivity of the body being 
1.6 X 105 milligram, this deposit is abóut 
seven-tenths of that amount. 


Speaking of radon, we can concludesthat . p 


its ingestion should be considered as harm- 
less as long as the radioactive deposit in the q 
body formed thereby does not exceed an 
equivalent of o.o1 microgram of radium. In 
other words, an internal radon treatment 
should not be pursued above the limit dose 
which produces a radioactive deposit liber- . 
ating in each second an energy more than 
70 per cent of the natural radioactivity of 
the body. 

An average of 1,460,000 millimicrocuries 
of radon ingested in the course of one year 
produces, as stated above, 2.6 per cent of 
the natural radioactivity of the body. Thus 
70 per cent of the radioactivity would be 
produced by 27 times that amount—that 
is, by about 40,000,000 millimicrocuries or 
40 millicuries of radon. This dose has been 
established without taking into account 


the elimination of Ra D, Ra E and Ra F 


(polonium); nevertheless, it would not be 


wise to exceed this maximum amount in 
treatment. 

Accordingly, doses of 500 to 1,000 milli- 
microcuries per dose and of several thou- 
sand millimicrocuries per day may be con- 
sidered far below the toxic dose. On the 
other hand, doses as high as 300,000 milli- 
microcuries per day, as recommended by 
some German authors, may probably be 
too high. 


XI. CONCLUSION 


A new method of “mild” radon applica- \ 
tion in therapy has been described and 
limit of dosage for such internal radon 
treatment has been calculated. This , 


the body. Such:a change in the normal 
ra@ioactivity is certainly too slight to ex- 
plain any toxic effect whatever. On the 


other hand, according to the previously 
mentioned authors Flinn, Hirschi and 
Bodmer,? as well as Rajewsky," 1 micro- 
gram and, in certain cases, even a fraction 
of a microgram anchored in the organism 
should be considered as the limit beyond 
which a deposit may become dangerous. 
It is preferable to fix this limit at o.o1 
microgram in order to be on the safe side 


maximum dosage has been found to be 
40,000,000 millimicrocuries or 40 millicuries 
of radon in the course of one year. . 
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CAPILLARY PERMEABILITY AND IN- a 
FLAMMATION IN THE SKIN OF 


THE RABBIT* Ti 


By R. H. RIGDON and HOWARD CURL 


Departments of Pathology and Anatomy, University of Tennessee 
MEMPHIS, TENNESSEE 


NE of us has been interested in an ex- 
perimental study of capillary permea- 
bility and inflammation in the skin of the 
rabbit.!™!112 In these studies, trypan blue is 
injected intravenously and the time and 
the quantity of the dye that localizes and 
concentrates in the areas of inflammation 
are observed. Histological preparations of 
the skin are made to study the type and the 
rate of development of the inflammatory 
reaction. It has already been shown by this 
technique that trypan blue localizes and 
concentrates in areas of inflammation in the 
skin of the rabbit only during a specific 
interval following either the application of 
xylol or the intradermal injection of other 
irritants. There is a progressive diminution 
in the intensity of the staining of the xylol 
treated areas of skin when xylol is applied 
at varying intervals preceding the intra- 
venous injection of this dye. When xylol is 
applied to the skin three hours or longer 
before the dye is injected, essentially the 
same amount of dye localizes and concen- 
trates in the areas of inflammation as in 
the untreated skin of the same rabbit. The 
greatest amount of dye localizes and con- 
centrates in the areas of skin where xylol 
is applied immediately preceding the intra- 
venous injection of the dye. It becomes ob- 
veous from these experimental studies 
therefore that the localization and the con- 
centration of trypan blue is not dependent 
upon the presence of hyperemia and edema. 
Polymorphonuclear leukocytes begin to 
appear in the extravascular tissues in the 
xylol treated areas of skin approximately 
two hours following the application of the 
irritant. The quantity of trypan blue that 
localizes and concentrates in an area of skin 


* Aided by a Grant from the International Cancer Research Foundation. 


where xylol is applied two hours preceding 
the injection of the dye is much "less than 
that which localtzes and concentrates in an 
area of skin where xylol is applied immedt- 
ately preceding the injection of the.dye. It 
is obvious, therefore, that the time in which 
trypan blue localizes and concentrates in 
an area of inflammation produced by xylol 
is different from the time it which poly- 
morphonuclear leukocytes begin to appear 
in the tissues. Furthermore, at the time the 
greatest number of leukocytes are present 
trypan blue fails to concentrate in the xylol 
treated areas of skin. 

It has been suggested that following an 
intravenous injection of trypan blue the 
dye localizes and concentrates in an area of 
inflammation as a result of a change in the 
permeability of the cells.? The interval in 
which this permeability is increased over 
that of the normal cells is influenced by 
both the type of irritant and the degree of 
injury. The greatest degree of injury appar- 
ently occurs immediately following the ap- 
plication of xylol to the skin. The injured 
cells return to normal within a period of 
approximately three hours as indicated by 
the quantity of dye that localizes and con- 
centrates in the area at this time. 

This paper is a report of our observations 
on the localization and the concentratidh of 
trypan blue, following an intravenous injec- 
tion, in local areas of the rabbit's skin 
treated with roentgen rays. It alsd' includes 
a description of the pathological changes in 
these areas of skin. In subsequent pubfica- 
tions one of us will report the results of 
similar experiments in which ultraviolet 
and infra-red rays are used rather than the 


roentgen rays. 
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METHODS AND MATERIALS 

NQdult rabbits are used. The skin over'the 

sides and the abdomen is carefully shayén 

twenty-four hours or longer before the experi- 

» ment begins. Local areas of skin are treated; With 

roentgen rays at varying intervals before 16 to 

1§ cc. of a o.2 per cent saline solution of trypan 

P la is injected into the marginal vein of the 
ear. Observations are made on the areas of i ir- 
radiatéd skin that become blue. The time of the 
appearanee of the dye in these areas is alsof Te- 
corded. 
e The apparatus used for irradiating the skin 
is a Wantz Jr. transformer with a milliamperage 
controlled by a General Electric Kersley-fila- 
ment stabilizer. The rabbits are covered with 

` a sheet of lead in which there is a window; 15 
mm. in diameter. The following factors are used 
in the treatment of the majority of the animals: 
86 kv. (peak), 5 ma., 73 min., 20 cm. target- 
skin distance, no filter. In the experiments:the 
length of the exposure is either 24 minutes; ; 
minutes, 72 minutes or Io minutes. The ma- 
chine delivers 272 r per minute. The doses: ate 
as follows: 680 r, 1,360 r, 2,040 r and 2,726 T. 

The irradiated portions of skin in some‘of the 

rabbits are removed at varying intervals. and 
fixed immediately in a 10 per cent solution of 
formalin. Sections are prepared and stained 
with hematoxylin and eosin. : 
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EXPERIMENTAL d 


Localization and Concentration of Trypan 
Blue in Areas of the Skin Irradiated with 
Roentgen Rays. . 

In this experiment 24 rabbits were used.:A 
few of these animals were irradiated for varying 
intervals with different quantities of radiation. 
The time at which the skin was irradiated be- 
fore the dye was injected is shown in Table 1. 
The irradiated areas of skin became blue within 
a period of five to thirty minutes following-the 
intravenous injection of trypan blue. The in- 
tensity of the staining varies in the different 
areas of the same rabbits and also in the differ- 
ent animfhls. The dye localizes and concentrates 
more frequently i in the areas of skin irradiated 
sixey minutes preceding the injection of-fhe 
dye than in any of the other irradiated areas. 

A second group of 14 rabbits were treated 
"with roentgen rays (86 kv. peak, $ ma, $i 
min. at 20 cm. target-ekin distance) over-local 
areas of the skin at varying intervals before the 
dye was injected. The technique used on pice 
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rabbits gi she same as that in the experiment 
discussed,.aBove except that the last area of 
skin was treated immediately following the in- 
jection: zofethe trypan blue. The results. of the 
localization-s ‘and the concentration of the dye in 
this group of'rabbits is shown in Table 1. The 
dye localizes and concentrates in 7 ofthe 14 
areas irradiated immediately following the in- 
jection: of. the dye. The dye localizes and con- 
centrates n each of the 14 irradiated areas when 
the trypanžblue i is injected one hour following 
the irradiation. This dye does not contentrate 
in either óf the 20 areas irradiated from two to 
twenty-one hours before the dye is injected. 

The composite data in this experiment (Table 
111) show that the dye locaMzes and concen- 
trates only 6 times 1n 29 observations when the 
interval between the irradiation and the in- 
jection of the dye is thirty minutes; 35 times out 
of 46 observations when the interval is sixty 
minutes;,3 times out of 30 observations when 
the interval is two hours; o times out of 58 
observations when the interval is from three to 
twenty-one hours. 

The following protocol (rabbit No. 995) il- 
lustrates this localization and concentration of 
trypan blue in the skin of the rabbit following 
irradiation. The dose 1s 86 kv. (peak) with no 
filter, 2,040 -at the rate of 272 r per minute. 


:00 P:M. Skin irradiated in Area I 

:00 P.M. Skin irradiated in Area 2 

:00 P.M. Skin irradiated in Area 3 

730 P.M. Skin irradiated in Area 4 

:00 P.M. Io cc. of trypan blue given intravenously 

:05 P.M. Skin irradiated in Area 5 

:13 P.M. Trypan blue in Area 5 

:45 P.M The skin in Areas § and*3 are blue*The 
largest amount of dye is in Area 5. 
Areas 1, 2 and 4 do not show any more 
“dye than there is in the untreated skin. 
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Patholo gical Lesions in the Skin ofe Rabbits 
Following Recent Irradiation with ges 
Rays. 

Twenty of the rabbits used in the experiment 
to study the localization and concentration of 
trypan blue were killed. The irradiated areas of 
skin were,studied histologically. The observa- 
tions recorded below are based upon the study 
of 48 sections of skin removed at the following 
intervals after seven and a half minutes of irra- 
diation: immediately, 5; thirty minutes,10;sixty 
minutes, 5; ninety minutes, 5; two hours, 16; 
three hours, 5; four hours, 3; eighteen hours, 12. 

Polymorphonuclear leukocytes are present in 
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Interval Between the Irradiation of Skin and Injection of Dye " 
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* The dye was injected immediately before thedast area of skin was irradiated. 


+ 2 Dye present; o =No dye; — =No irradiation. 


The skin of these rabbits was irradiated for 7 V£ minutes, 86 kv. (peak), 5 ma.at 20 cm. target-skin distance 


(2,040 r at the rate of 272 r per minute). Sue 
the corium within an hour following irradiation 
(Fig. 1). The number of these cells apparently 
increase during the next three to four hours. 
These leukocytes infiltrated not only the corium 
but in some of the rabbits they were present in 
the cutaneous maximum muscle. The lumen of 
the small blood vessels was filled with leuko- 
cytes and large numbers of these cells sur- 
rounded the vessels. Eighteen hours following 
this irradiation there were fewer leukocytes 
present in the corium than during the first four 
hours. 

The nuclei of the connective tissue cells. in 
thé corium are frequently swollen and appar- 
ently stain more deeply with hematoxylin than 
the cells in the untreated areas of skin. Vacu- 
oles are,present in the cytoplasm of some of 
these cells. There are no pathological changes 
observed in the endothelial cells of the small 
blood vessels. It is rare to find a pyknotic cell 
in the epidermis within a period of eighteen 
hours following irradiation. Four sections re- 
moved from one rabbit six days following the 
irradiation show a féw pyknotic cells in the 
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INTERVAL IN WHICH TRYPAN BLUE LOCALIZES AND 
CONCENTRATES IN AREAS OF IRRADIATED SKIN” 


Localization of Trypan Blue Total 
| Number 
i teu Nega- | Ques- | of Obser- 
Interval ti Positive ic tonable | vatiens 
o min 8 26 o 34 
30 min 6 23 O 29 
60 min 3% 4]. x6 I 46 
go min Oo 3 O > 3 
2 hr 3 25 2 30 
3 hr o 23 o 243 
4 hr. o IO Q IO 
s hr. O 6 o 6 
6 hr. o 6 O 6 
3 hr. o 6 o 6 
18 hr. o g Oo 5 
21 hr o 2 o 2 


* These data include all irradiated areas irrespec- 
tive of the length of time of the exposure. 

1 Time between the irradiation of the skfn and the 
intravenous injection of trypan blue. 





Fic. 1. Rabbit No. 923. Polymorphonuclear leuko- 
cytes infiltrate the corium following roentgen 1r- 
radiation (86 kv., peak, 5 ma., 74 min. at 20 cm. 
target-skin distance). Note the increase in number 
of leukocytes during the first three hours following 
irradiation. There are essentially no leukocytes in 
the corium (4) thirty minutes after the area was 
irradiated. This rabbit was given 2,040 r at the 
rate of 272 r per minute. B, section removed sixty 
minutes after irradiation; C, section removed two 
hours after irradiation; D, section removed three 
hours after irradiation. 


epidermis. The nuclei of the connective tissue 
cells in the corium appear more compact than 
normal and also appear to stain more deeply 
with hematoxylin. The cells in the epidermis 
do not show any evidence of hyperplasia six 
days following irradiation. 


DISCUSSION 


These experiments show that trypan 
blue, following an intravenous injection, 
localizes and concentrates in areas of the 
rabbits' skin treated with roentgen rays 
only during specific intervals. Trypan blue 
localizes and concentrates in the skin when 
it is infected either immediately before or 
immediately after the area is irradiated. 
This dye also localizes and concentrates in 


R. H. Rigdon and Howard Curl ( 







FEBRUARY, I 
areas of skin irradiated one hour previous 
to the injection of the dye. There is an 1 

terval, therefore, between immediately“and 
one hour and after two hours in which 


trypan blue does not localize and concen- y 


trate in areas of skin even in the same rab- 


bit treated with the same amount of radia-« 


tion. The dye frequently localizes within 
thirty minutes and usually within a period 
of ten minutes after it is injected intra- 
venously. 

The frequency with which the dye local- 
izes and concentrates in the areas, irradi- 
ated an hour before the dye is injected, 1s 
greater than that occurring in the areas ir- 
radiated either immediately before or im- 
mediately after the injection of the dye. It 
appears that the frequency with which this 
reaction occurs in irradiated areas of skin 1s 
significant. The observation that this col- 
loidal dye, following an intravenous injec- 
tion, localizes and concentrates in the skin 
indicates that the permeability of the cells 
in the skin of the rabbit is affected immedi- 
ately by irradiation. Variations in the 
permeability of the cells following irradia- 
tion is discussed in a review by Warren.® 
It appears, however, from Warren’s work 
that the demonstration of the time in 
which these changes in permeability appear 
in our studies is much earlier than those of 
other investigators. 

This demonstration of a localization and 
a concentration of trypan blue in areas of 
skin irradiated either immediately before, 
immediately afterwards or during the time 
of irradiation is interesting in view of, 


1 


1 


MacKee's* recent statement that ‘ ‘except \ 


in the case of very intense irradiations no 
immediate effect is observed in the cell. 
After a longer or shorter period changes 
begin to take place.” The quantity of radi- 
ation used in these experiments is of course 
large as compared with that used in hu- 
mans; however, the macroscopic changes in 
the skin of the rabbit are minimal. 

Jt is well known that there is an increase 
in hydrogen ion concentration following ir- 
radiation. This may be very transitory in 
some tissues.® Physiological changes in cells 


pe |. 


Effect of Roentgen Irradi 


Ec 


Y 


ave beén explained by electrons ionizing 


es that may be in their path. i | | 


The i8nized atom is temporarily in an abnormal 
condition, and while in this state, it lends it: self 
readilye to entering into new combinatioj S. 
Ionization of the individual atom lasts only | a 
gery short time. If, however, enough of them 
are ionized simultaneously, a large enough pet- 
centage of the cell constituents may undergo 
transformation so that an apparent change i iS 
produced.$, 
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It is interesting to observe an interval of 
ofte hour in which trypan blue fails to 
localize and to concentrate in irradiated 
areas of skin. It has been suggested in other 
studies that this dye localizes and concen- 
trates in the skin as a result of a change in 
the metabolism of the cells.” This disturb- 
ance in the metabolism of the cell appar- 
ently may occur in the cells of the skin 
immediately following irradiation and it re- 
mains for only a very short period as indi- 
cated by the localization and concentration 
of trypan blue. One hour later a second re- 
action occurs in the cells which permits the 
localization and the concentration of the 
dye. This second reaction likewise remains 
only during a short interval as indicated 
by the failure of trypan blue to localize 
and to concentrate in areas of skin irradi- 
ated three hours or longer before the dye is 
injected. B 

The immediate change that occurs in the 
skin of the rabbit may be explained by 1 the 
phenomena discussed above. The mecha- 
nism of the localization and concentration 
of trypan blue in areas of skin irradiated 
one hour. previously apparently may result 
also.from a disturbance in the metabolism 
of the cells, however, this is the result of.a 
delayed reaction of the irradiation on the 
cell. 

Rudisifl and Hoch" in 1938 made some 
interesting observations on the mechanism 
of the effect of roentgen irradiation on cells. 
These investigators assumed that the 
respiration of the cell (respiration as used 
here signifies all the energy yielding reat 
tions of the cell) coufd be injured by irra- 
diation. `® 


ation on Capillary Permeability 
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Cellular respiration is carried on threfeh re- 


duction-oxidation reactions. ... cellular dam- 
age resulting from x-rays shows a latent’ period 


‘and autocatalytic reactions likewise exhibit a 


preliminary lag phase. ... it seems logical to 
assume that the autocatalytic mechanisms gov- 
erning the redox [reduction-oxidation reactions] 
equilibria are affected by x-rays. 


The effect of roentgen irradiation on the 
redox system was studied by determining 
the time necessary for the reappearance of 
the cytochrome C absorption band in the 
visible spectrum following oxygenation. 
Yeast cells were used for this study. 


. the cytochrome C band did not reappear 
after oxygenation until from three and three- 
fourths to five and one-half minutes - had 
elapsed, an average initial increase of 225 per 
cent. This we interpret as signifying definite 
although not irreparable damage to the dehy- 
drogenase complex. This transitory nature of 
this effect indicates the ability of the injured 
cells to recover and but serves to emphasize the 
fundamental protoplasmic property of repair in 
the living organism. . . . the biological effects of 
x-rays on cells may result from inactivation or 
destruction of cell respiratory mechanisms 
through the effects of these substances on the 
co-catalysts of the dehydrogenases. 

The ability of an irradiated cell to recover 
from sub-lethal exposure to x-rays is to be 
found in its ability to elaborate more catalyst 
to replace that which was inactivated, and to do 
it rapidly enough to meet its own particular 
respiratory requirements. 

The delayed lethal action of x-rays on cells 
(latent period) finds explanation in the fact 
that the reaction chain involved contains auto- 


catalysts. (Rudisift and Hoch") 


The observations, as recorded in the pres- 
ent experiment on the time that trypan 
blue localizes and concentrates in areas of 
rabbit’s skin, indicate that the effect of the 
irradiation may be manifest within a period 
of only a very few minutes. This biological 
effect like that observed by Rudisill and 
Hoch in yeast occurs immediately and is 
transient. This apparently is an indication 
of the ability of the cells in the skuf of the 
rabbit to recover rapidly from the injury 
produced by this amount of radiation. 
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Sevdal recent observers have reviewed 
and discussed the effect of irradiation on 


the skin.^?3 There appears to be some, 


variation in the effect of irradiation on this 


after irradiation. d 
There is no relation, as far as we atre 
determined, between the time that trypan 


N 


skin of rats, beginning twenty-four hours ` 


blue localizes and concentrates in areas of , 
skin treated with 2,040 r at the rate of ' 
272 r per minute (86 kv., peak, with n@ ‘ 
filter), and the time in which polymorpho- | 
nuclear leukocytes localize in the same area. 
In previous studies on capillary, permea- 
bility and inflammation one of u$ also has * 
failed to demonstrate a correlation between, 
these two phenomena.” š 

. It has been suggested that an increase in » 


tissue especially with regard to the cellular 
reactions and the mechanism of the action 
of irradiation on inflammation. The most 
conspicuous variation from the normal ob- 
served in this experiment is the présence of 
polymorphonuclear leukocytes in the co- 
rium. These cells are present in the tissues 
after approximately sixty minutes. They 
usually increase in number during the fol- 
lowing five hours. The rapidity with which 


polymorphonuclear leukocytes concentrate 
in the corium following irradiation is in- 
teresting when one considers the possible 
mode of action of roentgen rays on acute 
local infections. The significant róle of the 
polymorphonuclear leukocytes in the pha- 
gocytosis of certain bacteria is well estab- 
lished. A rapid concentration of leukocytes 
about foci of bacteria apparently will per- 
mit an increase in the rate of phagocytosis 
of the bacteria and probably permit a more 
rapid localization and destruction of the 
organisms. 

The absence of any histological changes 
in the epithelial cells and blood vessels in 
the corium of these animals may be ac- 
counted for by the short interval between 
the time of irradiation and the time in 
which the sections are removed. Rott- 


mnn? statts that, 


Changes demonstrable microscopically can 
be found in the skin of subjects a few hours after 
the irradiation when bordérline erythema is 
barelye beginning macroscopically. . . . The 
changes in the epidermis consist of edema of the 
Cells and nuclei, vacuolization and contraction of 
the nuclei. There were granular changes in the 
stratum granulosum which on giving three 
erythema doses could also be seen in spots in 
the upper cell layers. There were always vessel 
changes in the corium: swelling of the endo- 
thelium, great changes in the adventitia cells, 
perivascular cell infiltration, chiefly lympho- 
cytes, fewer leucocytes. 


Pohle and Bunting? have described in de- 
tail the histological changes occurring in the 


capillary permeability occurs in areas of 
inflammation as à result of a disturbance in 
the ratio of calcium, phosphorus and po- 
tassium in the cell.? Adler arfd Adler! think 
that there is a fall in the calcium and potas- 
sium content of the skin with an increasing 
dose of roentgen rays. Lieber? has expressed 
the opinion that a disturbance in the phys- 
iochemical equilibrium of potassium and 
caleium is enough to account for a dis- 
turbed function in the affected cells. 
Henschen and Becker's* observation that 
irradiation. produces an alkalosis in the 
treated skin may be a significant finding in 
view of Menkin's? demonstration that the 
type of cells occurring in areas of inflamma- 
tion is determined by the hydrogen ion con- 
centration. Polymorphonuclear leukocytes 
are found in alkaline environment and 
lymphocytes occur more frequently in an 
acid medium. 


SUMMARY 


A change occurs in the skin of the rabbit) 


immediately following irradiation gvith 


roentgen rays as shown by the localization , 


and the concentration of trypan blue fol- 
lowing an intravenous injection of the dye. 
The time is brief during which*this dye 
localizes and: concentrates in these areas. 


It is suggested that this localization*and 


concentration of dye results from a change 
in the permeability of the cells as produced 
by the irradiation. Areas of skin treated 
with a similar quantity of radiation one 
hour previously likewise beconft blue fol- 


i 


t 
Z | 
owing the injection of the dye. Areas, of 
Skin treated with the same amount of radi- 
atio® three hours or longer before the dye 
is injected do not show any more dye than 
the urstreated areas of skin. d 
. Polymorphonuclear leukocytes are pres- 
` "entin the corium of the irradiated skin after 
E approximately sixty minutes. The number 
of these cells increases during the follow- 
Ing several hours. There is no correlation 
between the time in which trypan blue 
. localizes and concentrates in areas of irradi- 
ated skin and the time in which poly- 
. morphonuclear leukocytes infiltrate the 
corium in the same area. 
The mechanism for the increase in capil- 
lary permeability following irradiation is 
discussed.  * 
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ROENTGENOLOGIC EXAMINATION AND, 


NOT OR, GASTROSCOPY* 


ALMOST every diagnostic procedure of 
major importance that has passed its 
, Initial tests follows a familiar cycle. At 
first the new method is accredited both 
with capabilities and with limitations that 
it does not possess, for its enthusiastic 
proponents are inclined to imagine vain 
things, and practitioners of the old ways are 
prone to regard the new with extreme 
doubt. Neither attitude is unnatural or 
blameworthy, for imagination is essential 
to progress, and, on the other hand, with- 
out a healthy degree of skepticism real 
progress often would suffer from imposture. 
Not rarely, however, the rivalry between 
believers and doubters degenerates into an 
academic hostility that is both foolish and 
futile. Whether this occurs or not, the new 
procedure continues in its cycle of evolution 
and eventually finds its proper place. Usu- 
ally it fails to fulfill the extravagant ex- 
pectations of its early advocates, but often 
it proves eventually to be remarkably ef- 
ficient in ways that had not been foreseen. 
Occasionally it supersedes, but far more 
often it supplements, an older test, so that 
old controversies arising from fancied com- 
petition usually are made to appear ridicu- 
Jo In short, the final status of the method 
is determined, not by early impressions and 
prefiictions, but by the results of long and 
thorough trial. 

Many of you here today witnessed the 
transit bf the roentgenologic method 
through a cycle of this sort. At the begin- 
ning its immediate capabilities were greatly 
overestimated, for it was rather widely sup- 
posed that the diagnosis of virtually all in- 
ternal diseases would soon be effected by 
simple roentgenoscopy and roentgenogra- 


phy. Disappointment followed, of course, 
and only after many years did the roent- 
genologic diagnosis of internal disease in 
general and of abdominal affections in par- 
ticular become . really efficient. Then it 
seemed for a time that other methods of 
investigation might be supplanted, but al- 
though the scope and reliability of roent- 
genologic diagnosis have continued to 1n- 
crease, the anamnesis, physical examination 
and laboratory tests have not been dis- 
carded or even curtailed. 

That gastroscopy is following a com- 
parable pattern 1s rather obvious. The pro- 
cedure has matured sufficiently to be 
adopted into the medical armamentarium 
but is still young enough that estimates of 
its value are bound to vary. I am willing 
to offer a brief appraisal and even to com- 
pare certain merits of gastroscopy with 
those of roentgenologic examination, but 
only with the understanding that my opin- 
lons are based solely on present common 
achievements by both procedures and not 
on extraordinary accomplishments or ¢u- 
ture potentialities of either method. 

Sometimes superiority of either gastros- 
copy or roentgenologic examination is 
claimed on the ground that in specjfic in- 
stances one method disclosed a lesion which 
the other had failed to reveal. That kind ef 
comparison is insidious and unfair, for, 
aside from disease in certain areas of the 
stomach that are not accessible to gastro- 
scopic inspection, any gastric lesion that 
would be visible macroscopically should be 
found by either method, and all failures 
should be charged to the examiner and not 
to the mode of examination. If gastrdscopy 
must be compared with roentgenologic ex- 


* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Chicago, Ill., Sept. 15-18, 1942. 


° 259 


amination, there are, I think, at least two 
particulars in which gastroscopy excels: 
namely, in establishing diagnoses of gas- 
tritis and in determining decisively whether 
or not gastric ulcers have healed or are in 
process of healing. . 

In Europe before the outbreak of the 
present war, considerable advances had 
been made in the roentgenologic diagnosis 
of gastritis, and a few roentgenologists had 
becomé proficient in identifying the disease. 
In this country, it seems to me, progress 
in the recognition of gastritis has been 
slow, perhaps partly because of lingering 
uncertainties as to the pathology, varieties, 
clinical significance and distinguishing 
marks of the disease. Ulcerative gastritis 
can be identified definitely, and frequently 
the signs of hypertrophic gastritis are 
strongly suggestive but in most cases of the 
hypertrophic variety and all of the atroph- 
ic form the roentgenologic picture is 
either inconclusive or completely negative, 
for it may be imitated closely by purely 
physiologic alteration:of the mucosal relief. 
My gastroscopic colleagues, however, can 
identify gastritis of any variety almost un- 
erringly, and it-is my custom to request 
their aid in any case in which the existence 
of the disease seems likely. 

It has been claimed by some authors also 
that the differential diagnosis of benign 
from malignant ulcer, regardless of the fac- 

> : 
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tor of healing, can be made more reliably 
with the gastroscope than with roentge 


.rays. I am inclined to doubt this clfim, 


for when malignancy is not roentgenolggi- 
cally evident it is not usually evideft on. 
direct macroscopic inspection. But I shall 


not emphasize this doubt, for I realize thate 


small ulcerating carcinomas, diagnosed 
roentgenologically as such, often are Indis- 
tinguishable from simple ulcer on inspec- 
tion of the excised specimen. Like roent- 
genologic examination, gastroscopy deals 
with living tissues, not specimens, and gas- 
troscopy has a further advantage in being 
able to see lesions in their true color, where- 
as roentgen rays depict them only in black 
and white 

But roentgenologic examinátion also has 
advantages. They are so numerous and so 
familiar to you that I forbear listing them. 

The efficiency of each method keeps both 
on their toes—each has its advantages but 
it is not fair to foster the notion that the 
two methods are competitive and antago- 
nistic. On the contrary, they are comple- 
mentary and cooperative. It is not a 
question of roentgenologic examination or 
gastroscopy but of roentgenologic examina- 
tion and gastroscopy in any case in which 
either method is likely to elicit significant 
data that the other procedure failed to dis- 
close. 
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'SOCIETY PROCEEDINGS, CORRESPONDENCE 
x AND NEWS ITEMS 


n Items for this section solicited prompily after the events to which they refer. 


* UNITED STATES OF AMERICA 


AMERICAN ROENTGEN Ray SOCIETY 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annual Meeting: 1943, to be announced. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
Ill. Annual meeting: 1943, to be announced. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 

e Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: 1943, cancelled. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary, Dr. D, S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1943, to be announced. 

RADIOLOGICAL SECTION, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. J. D. Coate, 434 Thirtieth St., Oakland, Calif. 

RADIOLOGICAL SECTION, ConNEcTICUT MEDICAL SOCIETY 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

SECTION ON RADIOLOGY, ILLINOIS STATE MEDICAL SOCIETY 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RADIOLOGICAL SECTION, Los ANGELES County MEDICAL 
ASSOCIATION 
Secretary, Dr. Donald R. Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BrooxLyN RoENTGEN Ray SOCIETY 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N. Y. Meets monthly on fourth Tuesday, October to April. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

CuricAco ROENTGEN SOCIETY 

J Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 

" . Chicago, Ill. Meets second Thursday of each month 

October to April inclusive at the Palmer House.  , 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. J. O. Newton, 13921 Terrace Rd., East 
Cleveland. Meets at 6:30 p.m. at Midday Club on: fourth 
Monday each month, October to April, inclusive. 

DENVER RADIOLOGICAL CLUB 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

DrrTnorr ROENTGEN Ray AND RADIUM SOCIETY 
Secretary, Dr. E. R. Wiewer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne Cotinty Building. 


MEETINGS OF IROENTGEN SOCIETIES* 


FLoRIDA RADIOLOGICAL SOCIETY : 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

RADIOLOGICAL SOCIETY OF Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg.,.Kan- 
sas City, Mo. Meets third Thursday of each month at a 
place designated by the president. 

Irrivors RADIOLOGICAL SOCIETY — 

Secretary, Dr. Wm. DeHollanderg St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 

IND1ANA RoENTGEN SOCIETY 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in May 
annually. 

KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
jeu Meets annually in Louisville on first Saturday in 

pril. 

Loxc IsLanp RADIOLOGICAL SOCIETY ; 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 

LouIsIANA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 

MiLWAUKEE RoENTGEN Ray SOCIETY 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second. Monday at 
University Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., OrfPaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 

New EuNarLaAND RoEsNTGEN Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 
Mass. Meets monthly on third Friday, Boston Medical 
Library. e 

RADIOLOGICAL SOCIETY or NEw JERSEY 
Secretary, Dr. H. J. Perlberg, 921 Bergen Ave., Jersey City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 

New York RoENTGEN SOCIETY l 
Secretary, Dr. M. M. Pomeranz, 1020 Park Ave., New 
York City. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 P.M. 

NonTH CanoLiNA RoENTGEN Ray Society 
Secretary, Dr. Major Fleming, Rocky Mount; N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

NonTH Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

CENTRAL NEw York ROENTGEN Ray SOCIETY 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Ouro RADIOLOGICAL SOCIETY o. , 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Pactric RoENTGEN Sociery ` 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. R. P. Barden, University Hospital. Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 P.M., in Thompson Hall, College 
of Phygcians, 19 S. 22d St. 

PITTSBURGH RoENTGEN SOCIETY 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.M., October 
to June, Pittsburgh Academy of Medicine. 

RocHEsterR RoENTGEN Ray Sociery, Rocuester, N. Y. 
Secretary, Dr. Sidnfy Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 P.M. at Strong Memorial Hospital. 

Rocky MouxTAIN RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Popma, 220 N. First St, Boise, 
Idaho. 

Sr. Louis Society or RADIOLOGISTS 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. A, Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SouTH CAROLINA X-Ray Society 
Secretary, Dr. 'T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

Universiry Or MICHIGAN DEPARTMENT OF ROENTGEN- 
ofocy STAFF MEETING 
Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

Universiry or Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 Upiversity Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room gor, Service Memorial Institute. 

VIRGINIA RADIOLOGICAL SOCIETY 
secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 

. Meets jon Monday each month, College Club, Seattle. 

X-ray Srupy Chus or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
ee Meets monthly in evening on third Thurs. 

ay. 


L2 
Cuga 
SOCIEDAD DE RADIOLOGÍA Y FISIOTERAPIA DE CUBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedg4, 
Habana, Cuba. Meets monthly in Habana. =. 


Bnarrisg EMPIRE , 


BRITISH INSTITUTE Or RADIOLOGY INCORPORATED WITH 
THE RÖNTGEN SOCIETY ý 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 p.m., 32 Welbeck St., London. 

Section or RADIOLOGY or THE Roya. Soorery or MEDI- 
CINE (CONFINED TO MEDICAL MEMBERS) 

Meets on the third Friday of each month during the 
winter at 8:15 P.M. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 


FacurrY oF RADIOLOGISTS e 
Secretary, Dr. M. H, Jupe, 32 Welbeck St., London, W. 1 
England. 


SEcTION or RapioLocy AND MEDICAL ELECTRICITY, AUS- 
TRALASIAN MEDICAL CONGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL ASSOCIATION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 

Section or Rapro.ocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

RADIOLOGICAL Section, New ZEALAND BRITISH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


CONTINENTAL EUROPE 


SOCIEDAD ESPANOLA DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociÉTÉ Suisse DE RADIOLOGIE (SCHWEIZERISCHE RÖNT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. . 

Secreatry for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SOCIETATEA ROMANA DE RADIOLOGIE $1 ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Märăcine, 30, 
S. I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

Aut-Russian Roentcen RAY ASSOCIATION, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S, A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD RoENTGEN Ray SOCIETY 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Insgtute 
of Roentgenology and Radiology, Leningrad. ° 

Moscow RoEnTGEN RAY Sociery 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES e 
The Scandinavian roentgen societies have formed a Joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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URGENT NEED OF CONSERVID 
. ROENTGEN-RAY EQUIPMENT 
~'e AND ACCESSORIES | 
Most civilian radiologists are aware that 
1t is becoming increasingly difficult to! db- 
tain roentgen-ray accessories, but : 





'the 
gravity of the situation and the necessityjof 
taking steps to meet it are not fully appre- 
ciated. Aniong items in which the shortage 
is already severe or threatens to become so 
are: cassettes, intensifying screens, de- 
veloping hangers, developing tanks, roent- 
gen tubes, roentgen-ray meters and film 
driers. Most critical is the scarcity of de- 
veloping hangers, which are almost unob- 
tainable, and of intensifying screens. ` 

Chief among causes of the condition is, 
of course, the tremendous demands of our 
armed forces. Priorities have vastly re- 
duced available stocks of essential mate- 
rials, notably steel and especially stainless 
steel. To this circumstance is added the fact 
that many of the skilled artisans who are 
indispensable for the manufacture of roent- 
genologic apparatus have been inducted 
into the armed services, and production is 
correspondingly diminished. | 

It seems unlikely that the condition will 
be relieved soon or in substantial degree by 
governmental action, for the government 
must place the welfare of its fighting men 
above all other considerations, and all of us 
heartily approve of that obligation. As 
radiologists we must make the best of the 
situation by conserving the equipment we 
have and using it wherever it is most 
needed. Our past prodigality has left a wide 
margin for retrenchment and economy 
without serious loss of efficiency. Damaged 
equipment can be repaired. Outmoded ac- 
cessories can be redeemed from private 
junk heaps and used again if needed. All 
apparatus can be handled with greater care 
and used only when really necessary. 
Equipment left behind by physicians who 
have joined the armed forces can be sold or 
loaned to civilian radiologists and put into 
useful service. These are only a few of the 
measures,that we can employ, and, if we 
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apply ourselves earnestly to this“fask, we 
can accomplish much by efforts and sacri- 


. fices that will be very small in comparison 


with those made by our fighting kinsmen 
and colleagues. | 
Military Committee 
A. C. Christie, Chairma 
W. Edward Chamberlain 
E. P. Pendergrass 
U. V. Portmann 
B. R. Kirklin, Secresary 


SCIENCE BUILDING NAMED IN 
HONOR OF DR. PFAHLER 


During Founders' Day Convocation, on 
October 13, 1942, at Ursinus College, 
Collegeville, Pennsylvania, the beautiful 
new science building was named the Pfahler 
Hall of Science in honor of Dr. George E. 
Pfahler, a pioneer radiologist, who. has de- 
voted his professional life to the use of 
roentgen rays and radium in medicine and 
whose attainments are well known to all 
radiologists. He has been a member of the 
Board of Directors of Ursinus College since 
1935. A portrait of Dr. Pfahler was un- 
veiled during these special exercises and 
was presented to the College by Mrs. 
Pfahler. It is the work of Mr. Robert Susan 
and hangs in the foyer of the Pfahler Hall 
of Science. The principal address during 
the exercises was given by Dr. William D. 
Coolidge, Vice-President and Director of 
Research for the General Electtic Company 
of Schenectady, New York, the title being 
“The Réle of Science Institutions in our 
Civilization.” © ` 


THE RADIOLOGICAL RESEARCH 
LABORATORY OF COLUMBIA * 
UNIVERSITY 


The establishment of a Radiological Research 
Laboratory in connection with the cancer re- 
search program of Columbia University is an- 
nounced by Dr. Willard C. Rappleye, dean of 
the faculty of medicine. Dr. Rappleye said: 


The research in the laboratory will be mainly con- 
cerned with the study of the effect of radfation on 
living cells and the possibilities of altering resistance 
to radiation and to the introduction of chemical and 
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endocrinPMIibstances that might conceivably have 
some bearing on the problem of cancer. 

Special attention will be given to setting up a 
satisfactory prógram of deep therapy treatment in 
which high voltage x-rays are used to penetrate 
deeply into the tissues and destroy cancer. À million 
volt therapy machine will be installed in the Presby- 
terian Hospital in connection with the plan. 


In addition to research in radiology, experi- 
ments will be carried on in the fields of chemis- 
try, immunology, endocrinology and biology. 
The pregram represents an effort to develop 
real authorities on cancer, of whom there are 
very few. Research will go beyond the ordinary 
hospital work and will be more of an experi- 
mental nature. , | 

Dr. Gioacchino Failla, physicist at the 
Memorial Hospital, has been appointed director 
of the laboratory. Dr. Edith H. Quimby, asso- 
ciate physicist at the Memorial Hospital, and 
Dr. Titus C. Evans, assistant professor of ra- 
diology at the State University of Iowa, will be 
his associates.— Science, Dec. 11, 1942, 96, 533. 


GEORGIA RADIOLOGICAL 
SOCIETY 


. The annual meeting of the Georgia 
Radiological Society was held. at Lawson 
General Hospital, Atlanta, in November, 
1942. An excellent program was given. The 
Orthopedic Department, -under Colonel 
Sloat, presented and illustrated many in- 
teresting. orthopedic cases. Luncheon was 
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served at the Officers Mess. The afternoon 
program consisted of a paper on ''Malig, 


, nant Lesions of the Mouth," by Dr. ERI 


Scarborough, after which discussion of un- 
usual and interesting case reports was eaken, 


up The officers of the Society are: Presi- ‘ 


dent, Dr R. C. Pendergrass, Americus;e 


Secretary- Treasurer, Dr. James J. Clark, 
Atlanta. 


VIRGINIA RADIOLOGICAL 
SOCIETY 


At a recent meeting of the Virginia 
Radiological Society the following officers 
were elected: President, Dr. Wright Clark- 
son, Petersburg; Vice-President, Dr. Clay- 
ton W. Eley, Norfolk; Secretary-Treasurer, 
Dr. E. Latané Flanagan, Richmond. 


CORRECTION 


In a paper by M. T. Koven, Bernard E. 
Epstein, and Max Kulick, entitled “A de- 
vice to aid in positioning for lateral roent- 
genograms of the femoral neck," and pub- 
lished in the October, 1942, issue of the 
JouRNAL, Vol. 48, pages 554—556, the last 
sentence in the legend of Figure 1 reads as 
follows: “Note that the thigh is held in 
slight external rotation.” This should read: 
"Note that the thigh is held in slight in- 
ternal rotation.” 
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CiinicaL RoENTGENOLOGY OF PREGNANCY. By 
William Snow, M.D., Director of Radiology, 
Bronx Hospital; Roentgenologist-in-charge, 
Harlerg Hospital, New York City. Cloth. 
Price, $4.50. Pp. 178, with 119 illustrations. 
Springfield, Illinois: Charles C Thomas, 1942. 


e 

The use of roentgen rays in pregnancy 1s not 
as prevalent as it should be. Almost every roent- 
genologist admits this and knows it is chiefly 
because he and his fellow specialists are negli- 
gent in giving such service as will create a de- 
mand for his *assistance. The obstetrician has 
been skeptical, and rightly so, because informa- 
tion has been meagre and often inaccurate and 
misleading. | 

By writing this book, Dr. Snow has contrib- 
uted much toward the rectification of these 
conditions. His work is the result of thorough 
painstaking study of methods used in many 
cases. Whereas most methods of pelvimetry 
have been too inaccurate or too complicated 
and theoretical, the method preferred by Dr. 
Snow and recommended by him is simple and 
sufficiently accurate for ordinary use. It is so 
clearly set forth that there is no excuse for any- 
one failing to comprehend or apply it. 

_In addition to presenting an excellent simple 
system of pelvimetry Dr. Snow's book contains 
much clinical material enabling the roentgen- 
ologist to quickly acquire an insight into the 
problems of pregnancy and to recognize and 
solve them intelligently. He does not stop with 
f measurements of the maternal pelvis. His meth- 
ods enable a reasonably accurate determination 
of height and weight of the fetus and the size 
of the fetal head, so that invaluable aid can be 
given in determining the important question 
of cesarean section. Dr. Snow believes that 
cases of Mental inferiority and many ills of later 
life could be prevented by timely use of section 
instead of prolonged labor with undue crushing 
of the fetal head and excessive anoxemia. 

One of the more important features of the 
work is a group of 22 case reports which show 
roentgenograms marked and outlined as in 
actual practice. They are reproduced to scale 
so that th® student may make the actual meas- 


urements and work them out for himself if he 
so desires. Each of the representative cases con- 
tains a report chart with measurements, cor- 
rection factor, true dimensions, and remarks. 
Data are given for the inlet, mid pelvis, and 
outlet, and include estimated age and weight of 
the fetus. 

A well ilustrated chapter on soft tissue 
demonstration contains somé very interesting 
cases and should be inspirational to roentgenol- 
ogists who have been doing less than their best 
to aid the clinician. The author's tables simplify 
the calculations greatly. No matter what 
method of pelvimetry the roentgenologist is 
accustomed to use, this work can hardly fail to 
broaden his scope and be of much practical 
value to him. 

E. Warrer HALL 


ROENTGEN TREATMENT Or Inrecrions. By 
James F. Kelly, M.D., F.A.C.R., Professor 
and Director of the Department of Radiol- 
ogy, Creighton University School of Medi- 
cine; Attending Radiologist, Creighton Me- 
morial St. Joseph’s Hospital, St. Catherine’s 
Hospital and Douglas County Hospital, 
Omaha, and Mercy Hospital, Council Bluffs, 
Iowa. With the Collaboration of D. Arnold 
Dowell, M.D., Assistant Professor of Radiol- 
ogy, Creighton University School of M€di- 
cine, etc. Cloth. Price, $6.00. Pp. 432, with 
122 illustrations. Chicago: The Year Book 
Publishers, Ine, 1942. 


Although this volume surveys the whole field 
of radiation therapy in infectious diseases, the 
largest section, comprising 130 pages, is devofed 
to an exhaustive review of the etiology, pathol- 
ogy and treatment of gas gangrene. Separate 
chapters deal with peritonitis, acute abdominal 
infections and pneumonia, and the other infec- 
tions for which roentgen therapy is now ac- 
cepted as a procedure of unquestioned value 
receive rather scant attention. A lengthy intro- 
duction includes a simplified discussion of 
roentgen-ray physics and the general considera- 
tions underlying radiation therapy, and the con- 
cluding chapter deals with contraindications. 
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Most radiologists will find it difficult to accept 
the author’s conviction that any physician can 
safely undertake the roentgen treatment of in- 
fections without special training or experience. 

Collected clinical reports from many sources 
are used to emphasize the value of irradiation, 
both as a prophylactic and a curative procedure 
in the treatment of gas gangrene. Unfortu- 
nately most of the reports include only a few 
cases and the group of patients studied per- 
sonally by the authors seems hardly large 
enough to justify some of their sweeping state- 
ments. They confidently predict that the gen- 
eral adoption of their plan of roentgen therapy 
given early in the disease will reduce the mor- 
tality to Io per tent and they insist that the 
wounded men in our armed forces should re- 
ceive the benefit of their technique. Many of 
the unfavorable results are attributed to the 
presence of arteriosclerosis or diabetes and they 
feel that serum and the sulfonamides have rela- 
tively little to offer. Some of their poor results 
with irradiation are believed to be due to an an- 
tagonistic effect of sulfanilamide, and their en- 
thusiasm is in no way dampened by persistently 
negative results obtained with roentgen treat- 
ment of animals infected with proved strains 
of Clostridium welchii. 

This book represents a large amount of hard 
work in a new field and it should stimulate 
much confirmatory investigation in some of the 
large research centers. | 

| CHARLES L. Martin 


. Puvsicar. Mepicine: THE EMPLOYMENT OF 
PuysicaL AGENTS FOR DIAGNOSIS AND 
"PuERAPY. By Frank H. Krusen, M.D., 
F.A.C.P., Associate Professor of Physical 
Medicine, the Mayo Foundation, University 
of Minnesota; Head of the Section on Physi- 
cal Therapy, the Mayo Clinic; Member of 
the Council on Physical Therapy of the 
American Medical Association, etc. Cloth. 

rice, $10.00. Pp. 846, with 351 illustrations. 
Philadelphia: W. B. Saunders Company, 
I941. | 
The author could not have chosen a better 
title for his book because it indicates definitely 
that physical therapy is an integral part of 

Clinical Medicine and also that it includes, as 

shown in the subtitle, the employment of physi- 

cal agerfts for both diagnosis and therapy. To 
appreciate its scope, its possibilities, one must 
not only read this book once but study its con- 


Book Revidws 


tents, sid is made easy by the logical: manner 
in which the subject matter is presented. Ag 


stated in the preface a uniform approach iserséd 


under the following headings: Introduction— 
definition—development—present status ;phys- 


. . . .* 
ics; source, device or method of production; 


physiologic effects; technic of application; in- 
dications; contraindications, dangers and limi- 
tations; and conclusions. All phases of physical 
medicine are discussed: history of physical 
therapy; general application of heat; local ap- 


plication of heat; local and general apblications "3 


of cold; light therapy; electrotherapy (the con- 
stant (galvanic or direct] current; static elec 
tricity; the faradic current; the interrupted 
galvanic and sinusoidal currents; diathermy); 
hydrotherapy; and mechanotherapy (massage, 
exercise, rest and relaxation and mechanical 
devices). There are additional chapters dealing 
with the clinical aspects of physical medicine, 
a brief discussion of physical therapy of ar- 
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thritis, physical therapy in relation to ortho- _. 


pedic surgery, and the important and much de- 
bated subject of backache. The teaching of 


physical medicine to physicians, medical stu- ` 


dents and technicians is clearly outlined and 
the author’s conclusions should be whole- 
heartedly endorsed. Problems regarding the 


hospital department of physical therapy are re- | 


lated in the last chapter and the Section on 
Physical Therapy at the Mayo Clinic is briefly 
described. A detailed bibliography accompanies 
each chapter and the index is excellent. 

It is difficult to find any flaws or shortcomings 
in this book because such a wealth of accurate 
and valuable information has been assembled 
between its covers. It is recommended, there- 
fore, not only as a textbook to medical students 
and practicing physicians but also as a valuable 
guide for daily reference to those specializing 
in physical therapy. 

Ernst A. PouLE 
] e 
THE TREATMENT oF Burns. By Henry "N. 

Harkins, M.S., M.D., Ph.D., F.A.C.S., Asso- 

ciate Surgeon, Henry Ford Hospital, De- 

troit; Formerly Instructor in Surg@ry, Uni- 
versity of Chicago; John Simon Guggenheim 

Memorial Fellow in Surgery, 1938-1939. 

Cloth. Price, $6.50. Pp. 457, with 120 illus- 

trations. Springfield, Illinois: Charles C 

‘Thomas, 1942. 


It has been widely ‘acknowledged of late 


years that the treatment of burns is still unsat- 
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isfactory. Involving as they do probleris) of 
]pcal wounds and general physiological abnor. 
malities, they present in a concentrated fo) 
nearly all complications known to the surgeon. 
Clinigal and laboratory studies have been|.car- 
'ried on at an accelerated pace with the stimulus 
of the anticipation of mass occurrence of burns 
"due to war action and civilian bombing. 

Many controversial points still exist but this 
is an gpportune time for summarizing the'sub- 
| Ject and making available the very considerable 
knowledge to most of us who have the itime 


i neither to cover the extensive literature nor to 


&valuate the new developments. The author is 
exceedingly well qualified to do this as he has 
made many important experimental studies on 
the subject, has had a wide clinical experience 
‘and an opportunity during his Fellowship to 
cover exhaustively the wide literature. 

.The book is presented in four parts, the burn 
and its effects, treatment, special burns includ- 


ing electrical and radiation burns, chemical’ 


. burns and freezing and in Part iv a practical 


outline of burn treatment from which contro- 
versial points are omitted and definitive in- 
structions are given for treatment of the burned 
patient in the home, by physicians and in the 
hospital. All phases of this injury including 
pathology, chemical changes, shock, fluid/ldss, 
infection, all recognized methods of treatment 
of all stages including plastic correction of scar 
‘are well and impartially presented. The ilus- 
trations are happily chosen, being informative 
and practical. Full page pictures with biogra- 
phies of Dupuytren, Curling, Underhill and 
Davidson add historical atmosphere and inter- 
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est. The book is perfectly documen¥€d with a 
bibliography of over thirteen hundred refer- 
ences. These include all papers on the subject up 
to the minute of publication. To make the bibli- 
ography accessible, there is appended to it a 
guide that directs reading by chapter, author 
and subject. 

This is a most complete authoritative and 
up-to-date presentation of this important sub- 
ject. Aside from the material on burns there is 
description of research that is important in 
other surgical problems, and discussions of sur- 
gical philosophy that will be valuable to all 
surgeons. The work is important from a.histori- 
cal standpoint as it presents a complete sum- 
mary of the literature on theesubject. To. any- 
one interested in burns, in shock, in wound 
healing (all fundamentals of surgery) the book 
will be important. It is the only source for a 
complete bibliography, with a compilation and 
an impartial presentation of the controversial 
aspects concerning treatment now available. 
The practical and dogmatic advice concerning 
treatment makes its reading nearly obligatory to 
the family physician, the intern and resident, 
and -its scholarly development of the entire 
theme will make it of interest to the most sea- 
soned of surgeons. It is, in short, a finished pic- 
ture of the subject, its history, literature, and - 
unanswered problems, together with practical, 
usable advice about treatment of this dreadful 
form of trauma. The author and publisher are 
to be heartily commended for giving us this 
volume. 

FREDERICK A. COLLER 
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ROENTGEN DIAGNOSIS 
HEAD 


Hare, Hues F. Roentgen changes in the 
cranial vault accompanying diseases resulting 
from metabolic disturbances. Radiology, June, 
1941, 36, 706—711. 


The author calls attention to the fact that 
many diseases in which there are metabolic dis- 
turbances bring about changes in the bones 


which can be demonstrated by roentgen exam- : 


ination. Among such diseases are hyperpara- 
thyroidism, hyperthyroidism, ^ non-tropical 
sprue, hypogonadism, menopausal osteoporosis, 
Cushing's syndrome, calcinosis universalis, os- 
*teomalacia, multiple myeloma, osteitis defor- 
mans, and metastatic malignancy. In all of 
thege diseases there is osteoporosis and in some 
of them cystic changes in the bones, particu- 
larly of the vault of the skull. While the changes 
are not specific and a definite diagnosis of the 
disease cannot be made from the roentgenogram 
alone the roentgenologist may be able to suggest 
to the physician certain lines of clinical and 
laboratory investigation that will help to clear 
up the diagnosis. The study of calcium balance 
is particularly important. Roentgenograms gre 


fshown from cases of hyperparathyroidism, non- 


tropical sprue and hypogonadism —Audrey G. 
Morgan. * 


+ 


NEWELL, R. R., and Borrey, W. E. Roentgen 


measurement of visual acuity in cataractous 
eyes. Radiology, July, 1941, 37, 54-61. 


The authors discuss the physiology of roent- 
gen-ray vision and describe their method of 
testing retinal function by means of roentgen 
rays. Eyes with different degrees of defective 
vision resulting from opacities of the media can 
be tested, regardless of the type or density of 
the opacity. Their experience in testing the 
eyes by this method in 61 cases before cataract 
operation is described. The results were such 
that they believe it will be possible to avoid 
most cases of poor vision after cataract opera- 
tion by the use of this method and attention to 
vitamin A nutritfon. 

In the discussion Dr. Bruner said that he 
thought there were a good many practical clin- 
ical objections to this method. The time *e- 
quired for carrying it out seems to be out of 
proportion to the results obtained. The authors 
seem to have failed to take into account the 
fact that many patients with cataract have poor 
fixation. The test gives considerable informa- 
tion in regard to peripheral function but it is 
questionable whether it gives much in regard to 
macular function. The presence of central sco- 
toma and retinal detachment can be defermined 
just as easily by clinical methods. Central sco- 
toma may be overlooked by any known method 


b 7 


and no nfåtter how good the diagnosis many 
things can happen after the diagnosis is made, 
so that the skill of the surgeon and the coopera- 
tion of the patient are still the most important 
factors in giving good results. 

In closing Dr. Newell said that the problem 
of fixation had not yet been settled. Roentgen- 
ray measurement of visual acuity is time con- 
suming but that does not matter if it gives the 
patient something he cannot get in any other 
way. He believes Dr. Bruner misunderstood the 
purpose* of the method which is to discover a 
scotoma or retinal: detachment when opaque 
media make its discovery by clinical means im- 
possible. If more can be discovered about the 
function of the setina before a cataract is re- 
moved it will be a great help to the patient. 
Even if it is impossible to guarantee reading 
vision after removal of a cataract it may be 
possible in some cases to tell the patient that it 
is impossible to restore reading vision by opera- 
tion and give him the choice as to whether he 
wants operation under those circumstances.— 


Audrey G. Morgan. 


Wiuuiams, E. Rowan. On the radiological as- 
pects of an investigation into the relation- 
ship of chronic irido-cyclitis, uveo-parotitis 
and tuberculosis. Brit. F. Radiol., April, 1941, 
74, 116—127. 


That certain chronic diseases of the eye are 
caused by tuberculosis has been proved by his- 
tological evidence. There is still considerable 
controversy as to the cause of others, including 
chronic irido-cyclitis and uveitis associated with 
parotitis. Tuberculous infection has been sus- 
petted to be*the cause of these diseases also 
but many ophthalmologists have not been con- 
vinced of this. 

Ás improvement in roentgen technique has 
made earlier and more accurate diagnosis of 
pulmonary tuberculosis possible, the author de- 
ciged to make an investigation of this question. 
Roentgen examinations of the lungs were made 
in 40 cases of chronic irido-cyclitis from oph- 
thalmological hospitals in London. There were 
positive findings in the lungs in 24 of these 
cases; there were old healed fibrotic or calcified 
pulmonary foci in 4 cases, active chronic pul- 
monary tuberculosis in 6, massive mediastinal 
and hilar lymph node enlargement in 2 and 
diffuse miliary and reticular pulmonary changes 
in 12. Among these 12 cases in which the roent- 
gen findings suggested chronic miliary tubercu- 
losis, tubercle bacilli or indisputable histological 
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evidence of tuberculosis were found in 4. The 
parotitis and irido-cyclitis were only local mani, 


Aestations of a generalized disease. The sonly 


other conditions with which the pictures could 
be confused were Schurmann’s lymphangitis 


d 


reticularis chronica and sarcoidosis and both of « 


these are believed to be tuberculous in nature. 
Six of the cases are described in detail dnd" 

illustrated with roentgenograms.—- Audrey G. 

Morgan. i 


NECK AND CHEST 


JesseL, G. The rôle of mass radiography in tu- 
berculosis. Brit. 7. Radiol, June, 1941, 74 
206-209. 


Even with improved methods of roentgen ex- 
amination the diagnosis of early tuberculosis 1s 
difficult because the amount of roentgen in- 
volvement does not run at all parallel with the 
severity or activity of the disease. The clinical 
facts must also be taken into consideration in 
judging of the activity of any given case. 

Nevertheless mass roentgenography in the 
form of making photographs of the screen pic- 
ture on miniature film and enlarging it has 
proved valuable both in industry and the army, 
chiefly in weeding out cases that require further 
roentgen and clinical examination. The fitness 
of a person for service should never be decided 
on the basis of the miniature film alone but 
should only mean that the man is to be sent 
for more complete examination and full-size 
roentgenograms made. This further examina- 
tion and interpretation should be made by a 
team of radiologists and clinicians with experi- 
ence in the diagnosis of tuberculosis. 

Roentgenography in the diagnosis of tuber- 
culosis has certain very definite limitations. A 
roentgenogram only shows the conditions pres- 


ent at the time of the examination. A negative 


finding does not guarantee that tuberculosis will 
not develop later. Therefore mass examinations 
must be repeated at intervals. Even if the ffgd- 
ings indicate tuberculosis it does not necessarily 
mean that the disease is active. The roentgen 
findings may be consistent with other diseases 
as well as tuberculosis. 

Mass examinations should not be associated 
in the public mind with tuberculosis becaus£ of 
the psychological effect. They should be con- 
sidered a part of a general health survey and 


shbuld not be made at a tuberculosis TA 


sary. Definite standards of technique and inter- 
pretation must be adopted if comparable re- 
sults are to be attained —Audrey G. Morgan. 
e 
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PAUL, L W., and Ponle, E. A. Mediastihal 
4 and pulmonary changes in erythema ij 

“stm. Radiology, Aug., 1941, 37, 131-1 37 


Little attention seems to have been paid to 
roentgen examination of the lungs in erythema 
nodosum. It has been quite generally assumed 


‘that this disease is a specific infection of un- 


known origin or is due to rheumatic fever'or 
streptococcus infection. 

The’ authors have made roentgen examina- 
tions of the chest in 20 cases of erythema no- 
dosum. Histories and roentgenograms of a num- 


& her of the cases are given. All but one of the 


patients were adults. In 8 cases there were no 
roentgen signs of previous or present disease of 
the chest. In 3 there were slight signs probably 
not related to the erythema nodosum. In 3 
there were slight but definite signs of disease of 
the lymph glands at the hilum and in 6 very 
marked enlargement of these glands. In 2 of the 
cases it was definitely proved that the enlarge- 
ment of the glands was caused by tuberculosis 
and in 4 others tuberculosis was believed to be 
the cause of the gland disease and the erythema 
nodosum. 

The authors believe that in all cases of ery- 
thema nodosum roentgen examination of the 
chest should be made as in enlarged hilum 
glands both the gland enlargement and the 
erythema nodosum are apt to be caused by tu- 
berculosis. Even if the first examination is nega- 
tive follow-up examinations should be made 
before the patient is discharged as free of tuber- 
culosis. They do not claim that all cases of 
erythema nodosum in adults are caused by tu- 
berculosis but they want to emphasize the fact 
that not all of them are caused by rheumatic 


fever or streptococcus infection and to stress the 


jmportance of roentgen examination of the 
chest — Audrey G. Morgan. 


Nessa, Curtis B., and Ricier, Leo G. The 
reentgenological manifestations of pulmonary 
edema. Radiology; July, 1941, 37, 35-46. 


Little has been written about the roentgen 
findings iff pulmonary edema. As the condition 
is acute it is often not thought advisable to take 
the seriously ill patient to the roentgen room. 

The authors discuss 110 cases of pulmonary 
edema that came to necropsy. In 18 of these 

entgen examinations had been made before 
death. Seven of the cases are described in detail 


/ and illustrated with roentgenograms in order to 


show the different pictures presented. The clas- 
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sical type with bilateral, symmetri®l, homo- 
geneous widespread density does not occur in 
the majority of cases. The fluid tends to collect 
in the center of the lungs, leaving the periphery 
clear. This results in a butterfly-shaped den- 
sity. In 1 of the cases described the fluid col- 
lected first in groups of alveoli which later be- 
came confluent, giving stippled, irregular but 
widespread densities. Pulmonary edema may be 
localized to one lobe or one lung and so simu- 
late pulmonary edema or infarct. No satisfac- 
tory explanation can be given for this lecaliza- 
tion. It cannot always be diagnosed when the 
picture is atypical but it should be considered 
in cases of heart failure, kidney disease, liver 
disease, after operations and.following trans- 
fusion reactions. One notable cause of pul- 
monary edema is the administration of exces- 
sive amounts of fluid after operation. Though 
the author chose cases which came to autopsy 
for the purposes of his paper many patients 
recover from pulmonary edema following op- 
eration.—Audrey G. Morgan. 


BERG, Gunnar, and Zacurisson, C. G. Cystic- 
lungs of rare origin—tuberous sclerosis. Acta 
radiol., 1941, 22, 425-436. 


Three cases of cystic lungs from tuberous 
sclerosis are described. Two of the patients 
were sisters and in the elder the disease proved 
fatal. The disease is known to be familial. The 
roentgenogram shows a honeycomb-like appear- 
ance of the lungs due to the presence of many 
cysts with septa of varying thickness between 
them. In the case which was autopsied there 
were tumors in the brain and kidneys of the 
same nature as those that have Been described 
previously in tuberous sclerosis. 

The differential diagnosis of this condition is 
discussed and roentgenograms given showing 
the appearance in this form of cystic lugg, cys- 
tic lung in diabetes insipidus, acute and chronic 
miliary tuberculosis, benign lymphogranuloma, 
silicosis and lymphangitis carcinomatosa reti- 
cularis. —Audrey G. Morgan. 


WESTERMARK, Nits. A roentgenological inves- 
tigation into traumatic lung changes arisen 
through blunt violence to the thorax. eta 
radiol., 1941, 22, 331—346: 


Traumatic lesions of the lungs from blunt 
violence to the thorax may be brought about by 
laceration of the tissues by fragments of frac- 
tured bones. But they may also occur when 


"E 
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there has Men no fracture. Sudden compression 
of the lung may cause rupture of the bronchi 
and vessels followed by the secondary appear- 
ance of interstitial emphysema and hemorrhage. 
If infection of hemorrhagic infiltrations occurs 
it may cause severe disease, such as acute or 
chronic bronchitis, bronchiectasis , pneumonia, 
gangrene of the lung, pleurisy or empyema. 

The author reports 124 cases of blunt injury 
of the thorax in which roentgen examination 
was made immediately after the accident. There 
were changes in the lungs in 94 of these, or 75.8 
per cent. Among the cases in which there was 
fracture there were changes in the lungs in 86.7 
per cent (52 out of 60 cases) and among those 
in which there was no fracture there were lung 
changes in 65.6 per cent (42 out of 64). As the 
violence was doubtless greater in the fracture 
cases it would seem that roentgenographic lung 
changes increase with increased degrees of vio- 
lence. 

The lung changes cleared up after two to 
three weeks in 53.2 per cent of the cases. In 
these cases they were slight and caused no 
symptoms. In 46.8 per cent (44 out of 94) there 
were more or less severe complications, such as 
empyema, pneumonia and bronchitis. These 
generally came on four to fourteen days after 
the accident. 

As there are usually no symptoms in these 
cases unless complications develop, it is well to 
have a roentgenogram made early. From the 
medicolegal point of view lung diseases are not 
acknowledged to be of.traumatic origin unless 
symptoms appear within three to four days 
after the accident. Judging from the author's 
newterial postetraumatic pneumonia may occur 
later than this. Early roentgenograms may be 
of value in proving the traumatic origin of the 
disease in such cases.— Audrey G. Morgan. 


Barr, Roserr P., and Crump, Armistead C. 
Mega-esophagus (cardiospasm): report of a 
*case with subdiaphragmatic herniation of the 
esophagus. Radiology, May, 1941, 36, $75- 
582. 


Á case 1s reported in a student nineteen years 
of age who had just graduated from high school 
and had suffered emotional shock in the death 
of a grandmother of whom he was very fond. 
He began to have difficulty in swallowing and 
a feeling of pressure beneath the sternum which 
grew steadily worse. Finally he was obliged to 
empty the esophagus before going to bed by 
lowering his head and spasmodically contract- 
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ing the abdominal muscles. It was over a year 
before he consulted a physician. 


Roentgen examination showed the esophagus 


dilated with a considerable amount of food resi- 
due. The dilated part of the esophagus gassed 


/ 


* 


through the hiatus in the diaphragm and reached’ -e 


to about 12 cm. below it, ending | in a dilated, 
pouch. At intervals deep contractions occurred," 
sometimes several at a time, giving the esopha- 
gus a writhing, twisting movement. No harium 
passed out of the distal end until the patient 
forced it out. 

Treatment by lavage was unsuccessful and , 
the dependent part of the esophagus was anas- 
tomosed with the pars media of the stomach 
near the lesser curvature. Re-examination some 
six months later showed the esophagus smaller, 
its length had decreased and the stoma was 
near the level of the hiatus. The patient could 
eat anything he wished without difficulty.— 
Audrey G. Morgan. 


CHRISTIANSEN, HARALD. Brachyesophagus with 
dystopic cardia. Acta radiol., 1941, 22, 360- 
366. 


There are cases in which the esophagus is 
congenitally short and the cardia displaced up- 
ward into the thorax. Up to 1931 very few cases 
had been reported but in that year Findlay and 
Kelly published a case of stricture of the esoph- 
agus in the thorax with gastric mucosa immedi- 
ately below it continuing down into the stom- 
ach. These cases are apt to be confused with 
ones of diaphragmatic hernia and roentgen ex- 
amination is important in the differentiation. 

The author describes 4 cases, 2 in infants and 
the other 2 in elderly adults. The 2 latter pa- 
tients died and autopsy confirmed the roentgen 
diagnosis. Roentgen examination showed a con-q 
striction of the esophagus at the 6th to 8th 
vertebra with gastric mucosa passing down 
from it. 

The abnormality ee not necessarily cause 
symptoms but constriction of the cardia may 


i 


cause spasm and vomiting as in the author's s» 


first case, or it may cause hematemesis as in the 
second case in which the stomach was incarcer- 
ated in the muscular part of the diaphragnft. In. 
the third case, in a woman of fifty-three, there 
was a carcinoma of the cardia but it is not 
kfiown whether there was any connection be 

tween it and the malfotmation. In the fourth 


case there was inflammation of the cardia which * 


finally led to complete stenosis. 
e 
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The tfeatment is symptomatic, particularly 


dilatation of the stenosis Audrey G. Morgan. 
| 
Grisfiman, A., STEINBERG, M. F., and Suss- 


MAN, M. L. Tetralogy of Fallot: contrast 


.* visualization of heart and great vessels. Ra- 


diology, Aug., 1941, 37, 178—180. 
'' Since Robb and Steinberg first. published 


their work on contrast visualization. of the 
heart chambers in 1938 it has been found useful 
in the study of congenital heart disease. The 
authors réport a case in which the pathological 
, physiology of tetralogy of Fallot was estab- 
‘lished by this method. They have not found any 
similar report in the American literature. 
Roentgenograms and drawings made in the left 
anterior oblique position are given. 

The patient was an Italian man of twenty- 
six who has had cyanosis and clubbed fingers 
since birth. He was fairly active until March, 
1938, when he was admitted to the hospital 
complaining of pain in the right lower chest and 
dyspnea. A contrast visualization by the origi- 
nal method of Robb and Steinberg was not con- 
clusive. In May, 1940, the examination was re- 
peated using both the moving picture and the 
multiple exposure techniques with diodrast. 
These showed hypertrophy and dilatation of 
the right ventricle, stenosis of the pulmonary 
artery above the conus, a defect in the intra- 


+ ventricular septum with right to left shunt and 


dextroposition of the aorta. The left ventricle 
was very small and remained visible long after 
the other parts of the heart and great vessels. 
Evidently there was no outlet from the left 
ventricle except through the defect in the sep- 
tum. 

. The fluorographic multiple exposure tech- 
nique or the cineroentgenographic method is 
yrecessary in such cases as that is the only way 
in which a sufficient number of exposures can 
be made in a short time.—/udrey G. Morgan. 


® 
Beek, CraupE S. Compression of the heart. 
Radiology, July, 1941, 37, 47-53. 


Chronic compression of the heart, which is 
the condition &onsidered in this article, is gen- 
erally caused by pericardial scars, though it 
may» be caused by blood, pus, transudate or 
exudate in the pericardial cavity or medias- 
tinum, tumors of the heart or pericardium or 


ericardium. It differs from acute compression 


fium. of the heart through a rent in tHe 
P 


t 


in the fact that venous pressure can rise much 
hi gher. The unmistakable symptoms are ascites, 
e 
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high venous pressure, quiet, small Wart, and 
enlargement of the liver. In many casẹs there 
are calcifications in the pericardium. Contrary 
to quite generally accepted opinion adhesions 
with traction ‘in the long axis of the heart do 
not cause extrinsic heart disease. 

No medical treatment is of any avail in 
chronic compression of the heart but the con- 
dition can be relieved almost as if by magic by 
surgical operation on the scars that cause it. 
The ascites disappears, circulation becomes nor- 
mal and the subject is changed from a ehronic 
heart patient to a normal, healthy person. The 
cure is permanent and there is little risk in the 
operation if it is performed with due surgical 
skill. e 

Photographs are given of patients before and 
after operation.—/udrey G. Morgan. 


VIETA, Joun O., and Craver, Lrovp F. Intra- 
thoracic manifestations of the lymphomatoid 
diseases. Radiology, Aug., 1941, 37, 138-159. 


The authors report the roentgen examination 
of 794 cases of lymphomatoid disease with post- 
mortem examination in 160 cases. These showed 
a high percentage of lesions in the chest and 
they believe that if more frequent roentgen 
examinations of the chest were made the per- 
centage would be even higher than in this series. 
Often these intrathoracic lesions are silent clin- 
ically and roentgen examination furnishes the 
only means of arriving at knowledge that will 
make it possible to treat the deep-seated lesions 
of these diseases. 

In the roentgen examination of 335 cases of 
Hodgkin’s disease there were intrathoracic le- 
sions in 74 per cent, and postmortem examume- 
tion showed lesions in 88 per cent. Among 239 
cases of lymphosarcoma roentgen examination 
showed intrathoracic involvement in 54 per 
cent and autopsy in 73 per cent, less than in 
Hodgkin’s disease. In 158 cases of lymphatic 
leukemia the chest was found involved in %2 
per cent on roentgen examination and the medi- 
astinal or hilar nodes were involved in 83 per 
cent of the 31 cases examined postmortem. In 
52 cases of myelogenous leukemia 82 per cent 
showed no intrathoracic lesions on roentgen 
examination and among the 23 cases autopsied 
£2 per cent were free of chest lesions. There was 
myeloidization of enlarged mediastinal or hilar 
nodes in 47 per cent. In Io cases of mycosis 
fungoides mediastinal or hilar nodes were found 
in Io per cent and parenchymal infiltration in 
30 per cent. No autopsy material was available 


Te 


1 e 


N 
74) 


in this disease. Tables are given showing details 
in regard to the nature and distribution of the 
lesions in the various diseases. 

Attention is called to the fact that patients 
with lymphomatoid disease may also have other 
types of tumor. Among the authors’ 160 au- 
topsied cases there were 4 with malignant tu- 
mors of the gastrointestinal tract.—/fudrey G. 
Morgan. 


GossE, A. Hops. A right-sided aorta. Brit. F. 

Radiol., June, 1941, 74, 215—216. 

Aorta on the right side is extremely rare. A 
case in a man of fifty-six 1s described which 1s 
particularly interesting from the fact that it 
had never causetl any disturbance of any kind. 
The patient was sent to the author with a diag- 
nosis of malignant mediastinal tumor based on 
a homogeneous shadow to the right of the ster- 
num in the upper mediastinum. The author's 
examination showed that the symptoms were 
caused by a resolving dry pleurisy. He had 
taken a roentgenogram of the patient in 1936 
and comparison showed that the shadow on the 
right side had not changed in four years, show- 
ing that it could not be due to malignant 
glands in the mediastinum. He believed it was 
due to a right-sided aorta and this diagnosis was 
confirmed by a specialist. Two roentgenograms 
of the case are given and an electrocardiogram 
made in 1936 which showed only the pre- 
ponderance of the left ventricle so common in 
middle life and later, and no abnormalities.— 
Audrey G. Morgan. 


EpriNG, Nits P. G. Aneurysm of an intercostal 

ewartery with simultaneous, sarcomatous de- 
struction of an adjacent, dorsal vertebra. 
Acta radiol., 1941, 22, 411-421. 


A case is described in a man of forty-six who 
had been well until about a year before admis- 
sion to the hospital when he began to suffer 
faom digestive disturbance and dull abdominal 
pain under the right costal arch radiating to 
the back and up under the right shoulder. 
Roentgen examination showed a round dense 
area the size of an infant’s head in the lower 
part of the right lung field, adjoining the heart 
shadow. It could not be projected free from the 
spinal column but was separated from the dia- 
phragm, the mobility of which was normal. No 
details tould be seen in the opaque area. Its 
center was on a level with the oth dorsal verte- 
bra which showed a rarefaction the size of a 
hazelnut on the right side. From the roentgeno- 


Abstracts of Roentgen and' Radium Literature 


\ 


FEBRUARY, 1943 


¢ 


! 


. . z e 
grams a diagnosis was made of primary tumor 


in the right lung with metastasis in the ae 
' dorsal vertebra, or of a neurinoma growing fróm 


the spinal canal. The latter diagnosis was con- 
sidered rather the more probable. 2 


The patient's condition grew rapidly worse-s 


and it was impossible to make further roent, 
gen examination. He died eight weeks after ad- 
mission. 

Autopsy showed an osteolytic sarcomg which 
was apparently primary in the oth thoracic 
vertebra. It also showed an aneurysm of an 
intercostal artery filled with thrombotic masses. 
The aneurysm was apparently much older than 
the sarcoma which had evidently had a very 
rapid destructive action and yet had not spread 
beyond the one vertebra. There was no evidence 
of an etiological relationship between the two 
processes and the only theory that would satis- 
torily account for both of them would be that 
of trauma. There was no history of either trau- 
ma or previous disease but. as the patient was a 
lumberman he may conceivably have suffered 
some injury which damaged the intercostal ar- 
tery and caused the aneurysm and, after a la- 
tent’ period, the osteogenic sarcoma. 

The case shows the difficulty of interpreting 
rounded: shadows in the thorax.—udrey G. 
Morgan. 


Ricos, FRANK J. A roentgenographic study of 
pleural effusion. Radiology, May, 1941, 36, 
568-574. 

Between 1919 and 1938, 5,731 patients were 
admitted to the Glen Lake Sanatorium; of these 
233 had pleural effusions. The age and sex dis- 
tribution of the effusion cases was practically 
the same as that of the general admissions for 
tuberculosis. The figures for effusion as com- 


y, 


v D 


pared with those for tuberculosis by staged 


show that pleural effusions form more frequently 
cases of minimal and moderately advanced tu- 
berculosis than in far advanced cass. Roent- 
genograms showed that 172 of the patients had 
typical effusion and 41 massive effusion. 'These 
two groups constituted 97 per cent of the whole 
number of cases. The other 3 per cent were 
atypical. In the upright roentgenogram effu- 
sions of less than 400 cc. cannot be detected. In 
about 75 per cent of the cases the associated 
tuberculosis was of the nodular or fibrotic type. 
The type of tuberculosis could be diagnose 

from the roentgenogranf in 197 of the cases. In 
the remaining 36 the pulmonary,lesion was 


hidden by the effusion. There were cavities on 
" 


& 
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the same side as the effusion in 34 cases, on 

oth sides in 20 and on the opposite side in 12 
Castse 

Later studies were made on 190 cases. It was 
found, that prognosis was somewhat better ‘in 
» cases that had a small amount of effusion. The 
efesolution of the effusion was not dependent on 
‘cure of the associated tuberculosis. Among, the 
72 cases in which roentgenograms were avail 
able 34 showed complete resolution and 41 in- 
complete. The complete resolution had, oc- 
. curred in 19 of the cases (60 per cent) within 
, two years. The most frequent finding in the 
* cases with incomplete resolution was oblitera- 
tion of the costophrenic angle by adhesions. 
Cases in which there was a large amount of 
fluid and in which aspiration was performed did 
not show as complete resolution as those in 
which there wgs less fluid and aspiration was 
not done. The commonest and most persistent 
roentgen finding was obliteration of the costo- 
phrenic angle.—/udrey G. Morgan. 


ABDOMEN 


FELDMAN, Maurice. A new roentgen sign of 
pyloric obstruction: the roentgen visualization 
of the stomach without the use of contrast 
media. Radiology, June, 1941, 36, 736-738. 


If a homogeneous image of the whole stomach 
can be seen without contrast medium in a fast- 
Ing patient it indicates gastric retention caused 
by obstruction of the pylorus. This is a new 
roentgen sign of pyloric obstruction and is 
caused by the excessive amount of fluid retained 
in the stomach. This shadow may resemble that 
of a tumor of the stomach, an aortic aneurysm, 
a tumor or cyst of the kidney, a subdiaphrag- 

atic abscess or a diaphragmatic tumor, an 
Y ud spleen, an adrenal tumor, a cyst of the 
pancreas, or an enlargement of the left lobe of 
the lver.-—4udrey G. Morgan. 

e 
. CRa16, W. Jounsron. Primary carcinoma of the 
jejunum: a case report. Brit. Y. Radiol., June, 
1941, 74, 210—212. 


A case is described in a woman of forty-eight, 
who *or some months had complained of pain 
which had lately become colicky in type. She 
had vomited occasionally and had lost some 

ight. Roentgen examination showed nothing 

bnormal in the stomach or jejunum. Therefore 
a careful examination was made of the jejunum 


which showed a stricture at 3 to 4 inches beyond 
8 n 
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the duodenojejunal junction with dilatation 
above it. A diagnosis of malignant lesion of the 
jejunum was made and operation performed a 
week later. During this interval the vomiting 
had become more frequent. A tumor was found 
at the site indicated 1n the roentgenogram and 
histological examination showed it to be a 
papillary alveolar and tubular columnar cell 
carcinoma of the jejunum. Two roentgenograms 
and a photograph of the specimen are given. 
The patient made an uneventful recovery. The 
prognosis is bad in these cases. Rankin of the 
Mayo Clinic says that the average duration of 
life after operation is one year. 

The importance of making a careful examina- 
tion of the small intestine and fot being content 
with normal findings in stomach and duodenum 
is emphasized.—_dudrey G. Morgan. 


McMuttevn, J. W. A roentgenographic study of 
the relative incidence of gastric and duodenal 
ulcer. Radiology, Aug., 1941, 37, 194—196. 


It was formerly thought that gastric ulcer 
is more common than duodenal ulcer but recent 
statistics have tended to reverse this propor- 
tion. The author made a study based on 4,400 
consecutive gastrointestinal examinations from 
1926 to 1939 at the Colorado General Hospital. 
A total of 883 gastric and duodenal ulcers was 
seen—that is, an incidence of slightly more than 
20 per cent of the whole number of cases ex- 
amined. Of these 689, or 78 per cent, were duo- 
denal, and 194, or 22 per cent, were gastric. The 
figures in the literature show a wide variation 
from these percentages. 

A curve is given showing theeincidence «af 
gastric and duodenal ulcer in men and women 
for the different decades of life based on these 
cases. The relative incidence of duodenal and 
gastric ulcers is 3:1 for women and 4:1 for 
men. The peaks of incidence of gastric artd duo- 
denal ulcer in women were found in the fifth 
and fourth decades respectively while in meh 
they were in the sixth and fifth decades respec- 
tively —Audrey G. Morgan. 


Regs-Jones, G. F. Diaphragmatic movement 
after lower abdominal operations. Brit. 7. 
Radiol., July, 1941, 74, 247. 


A table is given showing the results of screen 
examination to determine the excursiort of the 
diaphragm after herniotomy and appendec- 
tomy. Screen examinations were made six, 
twenty-four, forty-eight and seventy-two hours 
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after operation. It was found that on quiet res- 
piration there was very little movement of the 
diaphragm for twenty-four hours after opera- 
tion. The diaphragm was more fixed andre- 
mained fixed longer on the side of the operation 
than on the opposite side. It was more fixed 
after fascial repair for inguinal hernia than after 
appendectomy. The diaphragmatic movements 
frequently returned to normal after forty-eight 
hours and almost always after seventy-two 
hours. The examinations show that a fixed dia- 
phragm on the side of the operation for forty- 
eight to seventy-two hours has no pathological 
significance. Complications developed in only 1 
of the 30 cases examined here. This was an ate- 
lectasis of the léft lower lobe and examination 
before operation had shown a fixed diaphragm 
on the opposite side.—Audrey G. Morgan. 


Bertin, D. S. Diaphragmatic hernia of the 
_ stomach. Radiology, July, 1941, 37, 68-74. 


The author discusses the anatomy and em- 
bryology of diaphragmatic hernia and reviews 
26 cases of his own. Among these patients 1 also 
had carcinoma of the stomach, 3 had duodenal 
ulcer, 1 diverticulitis of the esophagus, 1 diver- 
ticulum of the cardiac portion of the stomach 
and 1 gallbladder disease with gallstones. 

The symptoms of diaphragmatic hernia of 
the stomach may be respiratory or gastrointes- 
tinal or a combination of the two. In many cases 
they are so varied and uncharacteristic that 
they have little value. The chief means of di- 
agnosis is by roentgen examination. 

If the symptoms are mild medical treatment 
may be sufficient. Patients often go through life 
without any very great disturbance from such a 
hernia. But if the symptoms are severe enough 
to warrant it operation should be performed, the 
herniated viscera replaced i the abdomen and 
the abnormal opening in the diaphragm re- 
paited. 

e Among the author's cases 8 were operated on 
and 18 treated symptomatically. Of the 8 pa- 
tients operated on 7 recovered uneventfully and 
I died. One had a moderate recurrence of the 
hernia six months later. In the 1 case that was 
autopsied the whole stomach and left splenic 
flexure were in the left half of the chest. The 
tendinous part of the left diaphragm was de- 
‘fective with a rent 10 cm. long. The patient 
died ffom shock. 

Spot roentgenograms should be taken of all 
diaphragmatic hernias that are of clinical sig- 
nificance.— Audrey G. Morgan. 
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Poppet, M. H., and Levy, A. H. Pancreatic : 
lithiasis. Radiology, Aug., 1941, 37, MU d 


Three cases of lithiasis of the pancreas are 
described and illustrated with roentgenograms. 
Roentgen examination is the only certain*meth, 
od of diagnosing this condition which was only 
rarely diagnosed during life before the introduce* 
tion of roentgenography. 

'These calculi are generally ana of cal- 
cium carbonate and phosphate. They’ result 
from pancreatitis and alcoholism is a prominent 
factor in their production. Pain resembling that 


of gallbladder colic is a frequent symptom. è 


Roentgen examination generally shows multiple 
dense calculi along the course of Wirsung’s 
duct.— Audrey G. Morgan. 


Brown, SAMUEL, McCartny, J. E., and FINE, 
Arcui&. Pancreatic tumors; 4 roentgenologic 
study. Radiology, May, 1941, 36, 596—603. 


Roentgen diagnosis of tumor of the pancreas 
is difficult because the shadows of several or- 
gans are superimposed in this region. It can be 
made indirectly, however, from a study of 
changes in the position and outline of the stom- 
ach and duodenum caused by pressure from the 
tumor. Twelve cases of tumors of the pancreas 
and other organs in the region, particularly the 
common duct, are described and illustrated by 
roentgenograms, attention being called to the 
differential signs between tumors of the pan- 
creas and other tumors. Needless to say a thor- 
ough knowledge of the normal anatomical rela- 
tions is a necessity in this diagnosis. 

In the discussion the value of the lateral view 
in this diagnosis was brought out. With this 
view it is possible to differentiate between le- 
sions of the pancreas posteriorly and lesions of 
the liver anteriorly. In early enlargements v 
the head of the pancreas there is an inverted" 
three filling defect on the medial side of the 
descending portion of the duodenum. Iy the 
prone lateral view a tumor of the pancreasenay 
project forward into the gas-filled stomach and 
be clearly visible. The stomach is often dis- 
placed upward in the recumbent pesition, es- 
pecially in obese patients. In such cases the pa- 
tient should be examined standing also.— 
Audrey G. Morgan. j 


Levitin, Josep. Intraperitoneal localized.ab- 
* scess: roentgenologic aid in diagnosis. Ag- 
diology, Aug., 1941,*37, 205—207. 
It is sometimes hard to diagnose a localized 


intraperitoneal abscess, especially after surgical N 
e 
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operatlon when there are several possibilities. 
he author discusses two roentgen findings 


whicly are of value in such a diagnosis. The first’ 


is an ileus, which is not a true paralytic ileus 
pour an inhibition of the action of the bowel due 
to over-stimulation of the sympathetic by the 
enflammation. The other is the absence of the 
normal properitoneal fat line, or the dark stripe 
caused by the properitoneal fat, which is seen 
on ordinary roentgenograms. Four illustrative 
cases are described. 
These signs may occasionally be absent, as in 
,à case of ruptured appendix recently seen with 
quite a severe localized abscess. The mass was 
buried in the false pelvis beneath the omentum 
and the area was covered by a dense congenital 
band which was adherent to the brim of the 
pelvis and extended over the bladder. The ab- 
scess was so isqlated from the peritoneum that 
there was no stimulation of the peritoneum suf- 
ficient to cause an ileus. The position of the ab- 
scess was such as to prevent infiltration of the 
properitoneal fat by fluid and therefore the 
properitoneal fat line was present. But ordina- 
rily these two symptoms furnish a means of di- 
agnosis.— Audrey G. Morgan. 


HorMwcnEN, Bener S. Zwei interessante Fälle 
Sigmoideumvolvulus. (Two interesting cases 
of volvulus of the sigmoid.) Acta radiol., 1941, 
22, 404—410. 


The surest way of diagnosing a volvulus of 
the sigmoid is by roentgen examination. Two 
cases are described. The first was in a man of 
eighty who for nine months had had stubborn 
constipation. After some days of constipation 
the abdomen distended but collapsed after a 
stool or enema. The last time he had not been 

le to relieve the constipation by enema and 

ame to the hospital after five days of absolute 
constipation. 

Roentgen examination showed torsion of at 
least 360? in a loop of sigmoid. The picture dif- 

' fered from the usual one of volvulus of the sig- 
moid in the fact that both the ascending and 

' descendigg colon showed fluid levels and that 
the cecum and a part of the ascending colon 
were larger than the twisted sigmoid loop. The 
picthire suggested a deep stenosis of the colon 
due to cancer rather than volvulus of the sig- 
méid. The abdomen was opened and a tube 
assed through the rectum and guided by the 
hand into the volvulus. Large amounts of gas 

' and fluid were passed and the torsion reduced. 


The patient was in very bad general condition, 
' e 
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however, and died after twelve hours without 
having regained consciousness. 

Another case 1s described in which the volvu- 
lus was reduced without operation by introduc- 
ing a stomach tube into the rectum and passing 
it, under screen observation into the volvulus, 
on which gas and diarrheal intestinal contents 
was passed and the volvulus was reduced spon- 
taneously. The torsion in this case was loose, 
while in the previous case it had persisted for 
five days and was very tightly twisted. —-Audrey 
G. Morgan. ° 


Lewis, R. I. A case of lympho-granuloma in- 
guinale producing rectal stricture. Brit. 7. 
Radiol., Sept., 1941, 74, 298—299. 


Lymphogranuloma inguinale is very rare in 
England. A case is described in a woman of 
forty-four who complained of colicky abdominal 
pain, flatulence, constipation and vomiting and 
recently a feeling of incomplete evacuation of 
the rectum. She had lived in Malta and South 
Africa up to the age of twelve. Her husband had 
never been abroad. There was a discharging 
sinus near the anus and the skin around the 
anus was suppurated. The inguinal glands were 
enlarged. Barium enema examination showed a 
miarked stricture of the rectum which was so 
long that it argued against a diagnosis of carci- 
noma of the rectum. An excised piece of tissue 
showed chronic inflammation. A Frei test was 
made and proved positive. The Wassermann re- 
action was negative. A diagnosis of lymph- 
granuloma inguinale was made.—Adudrey G. 
Morgan. 

" v-- 
RENANDER, AXEL. Roentgenologic features of 

tuberculosis of the rectum. Acta radiol., 1941, 

22, 367-370. : 

A case of tuberculosis of the rectum in a 
woman of forty-three is described. She had had 
violent straining at stool for several weeks. The 
stools were mixed with much mucus and some 
blood. There was no pain. She had lost some 
weight. Roentgen examination showed annular 
infiltration of the rectum for a distance of about 
Io cm. with nodules in the mucous membrane. 
In spite of this extensive infiltration, however, 
the rectum showed good power of contraction. 
This proved that the muscularis propria was 
functioning and that therefore the infiltration, 
though extensive, was not deep. This is a valu- 
able point in differentiating between tuberculo- 
sis and cancer or syphilis of the rectum. 
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No focus was found in the lungs or elsewhere 
so this was apparently a case of primary tuber- 
culosis of the rectum, which is rare—Audrey G. 
Morgan. 


GENITOURINARY SYSTEM 


Ripton, G. R. Atypical pyelograms in cystic 
disease of the kidney. J. Urol., Sept., 1941, 
40, 480-48 5. 


The author presents 3 cases of cystic disease 
of the kidney, each of which had atypical pyelo- 
grams. The first case was that of a male aged 
fifty-one, who complained of pain and a mass 
in the left loin. Red blood cells were present in 
the urine. The pyelogram showed a cavity filled 
with medium in the upper pole of the left kidney 
and from this film a diagnosis of a degenerating 
carcinoma was made. Operation disclosed a cyst 
in the upper pole of the kidney which communi- 
cated with the renal pelvis through a small 
sinus. After evacuation of the cyst a pyelogram 
seventeen months later showed a normal pelvis. 

The second case was that of a thirty-three 
year old white male who complained of irregu- 
larly recurring episodes of “smoky urine" for 
one year and frank hematuria for two days. A 
pyelogram showed a large collection of contrast 
medium in the upper pole of the right kidney 
and a diagnosis of hemorrhagic cyst was made. 
At operation a polycystic kidney was found 
containing hemorrhagic cysts. 

The third case was that of a fifty-eight year 
old white woman who had no kidney com- 


plaints. A routine urogram showed a lesion sug- : 


gesting a solitary cyst of the right kidney. The 
author made a diagnosis of hydrops of the gall- 
bladder of the pyelogram. Operation disclosed 
a solitary cyst of the kidney.—R. M. Harvey. 


WirLiAMs, E. Rowan. Pyefo-renal backflow. 
Brit, F. Radiol., Sept., 1941, 74, 275-283. 


a in studying retrograde pyelograms roent- 
genologists sometimes see a backflow of the 
opaque medium. The backflow may be pyelo- 
venous, pyelolymphatic, pyelotubular or pyelo- 
interstitial (extravasation). Experimental work 
had been done on this pyelorenal backflow 
before the roentgen era but it was of only aca- 
demic interest. With the introduction of pye- 
lography, however, it became important clin- 
ically. .ÍIn 1924 Hinman and Lee-Brown in 
studying the vascular anatomy of the kidney 
on celloidin-corrosion preparations proved that 
venous backflow resulted from multiple rup- 


Y 
tures from the fornix calycis directly into the 
veins around the calyces. The anatomy of E et 


venous and lymphatic drainage system ef t 


given to illustrate the venous drainage ef the 
kidney and the pyelographic appearances of the 
various forms of backflow. Pyelograms of ile . 
lustrative cases are also given. 

Experimental work on the subject is dis- , 
cussed. The only form of backflow thet can 
occur without rupture of the calyces is the 

pyelotubular form. The venous and interstitial 
forms may be caused by injury of the walls of ; 
the calyces by the tip of the catheter, or even 
the force of the jet from the catheter tip during , 
Injection. may cause rupture of the fornices. 
Even a slight degree of overfilling may be fol- 
lowed by venous backflow or minor degrees of 
extravasation. But even when the technique of 
pyelography is perfect pyelotubular and pyelo- 
lymphatic backflow may. be seen. Tubular back- 
flow is of no importance if a non-toxic substance 
is used for the contrast medium; lymphatic 
backflow suggests that there is some abnormal 
communication, congenital or acquired, between 
the lymphatic channels and the pelvis and 
calyces.— Audrey G. Morgan. 


kidney i is discussed and a composite diagram y 


NowELL, STrANLEY. Increasing density of the 
renal shadow during excretion. urography; a 
sign of acute ureteric obstruction. Brit. 7. 
Radiol., April, 1941, 74, 138—143. 


Three cases are reported which, in excretion 
urography showed increasing density of the 
kidney shadow during the examination. In 2 of 
them the calyces and pelvis could not be seen 
while in the third they were enlarged. In all the 
cases there was a stone in the ureter on the side 
of the increased density. Evidently the increaSw 
ing density is caused by the contrast medium 
being concentrated in the kidney tubules as a 
result of pressure resulting from the damming 
up of the urine in the kidney pelvis. This finding . 
therefore indicates that the kidney is function- 
ing and in cases in which the kidney is suspected , 
of not functioning it should be look&d for. If 
present it proves kidney function. If there is 
known to be a stone in the ureter the increasing 
density indicates that the condition is in the 
acute phase. It may be the means of demgn- 
strating the presence of a non-opaque stone i 
the ureter. In acute cases with abdominal pain 
on the right side, suggesting appendicitis it may 
be the means of making a differential diagnosis 


e of the ureter.— Audrey G. Morgan! 
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egn children and is responsible for a considerable 
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and determining that the pain is caused by db- 


Wyatt, GeorcE M. Excretory urography for 
children. Radiology, June, 1941, 36, 664-671. 


Disease of the urinary tract is not uncommon 


number of deaths. Pyelography is necessary for 
the early diagnosis of these conditions and de- 
scending urography is safer and less complicated 
and morg physiological than the retrograde 
method. Directions are given for carrying out 


¢ excretory urography i in small children. Gas in 


the small intestine is the greatest obstacle to 
satisfactory urography up to the age of six or 
eight years and should be avoided by keeping 
the patient in the upright or prone position or 
on the right side. The supine position and that 
on the left sideshould be avoided. Fluids should 
not be too greatly restricted as it makes the 
children too uncomfortable and they cry, thus 
increasing the gas. Lack of concentration of the 
urine is best compensated for by increasing the 
amount of contrast material. Diodrast has been 
used as a contrast medium in more than one 
thousand cases at the Children's Hospital in 
Boston without any bad effects, though fatali- 
ties from its use have been reported in the 
literature. Dose for children under six months 
of age IO cc., six months to two years 15 CC., 
two to five years 20 cc. and over five years 25 cc. 
If the child is too young to stand, one person 
should hold his shoulders and another his upper 
thighs to: prevent the twisting motions char- 
acteristic of young infants. 

The average technique for an infant six 
months of age calls for 65 kv., 200 ma., 1/20 
sec., 36 inches target-film distance, Lysholm 

id. Speed is so important that if a sufficiently 


Short exposure cannot be made at the usual 


target-film distance it is better to decrease the 
distance than to increase the exposure time. 
First films are taken with the patient upright 


` to avoid gas in the small intestine and later ones 


in the recumbent position to get optimum con- 
centratiog of the dye. Films are usually taken 
five, fifteen and thirty minutes after injection 
of the dye in order to establish a standard for 
the Comparison of cases.—/udrey G. Morgan. 


Bowen, J. ANDREW, and Suirvett, E. Lee. 


# Intravenous urography i in the upright posi- 


tion. Radiology, June, 1941, 36, 672-677. 
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raphy in the upright position on 19 persons, I2 
females and 7 males. No preparation was given. 
The contrast medium was diodrast, 30 cc. A 
preliminary five minute film was made in the 
supine position, then films were made in the 
upright position after twenty, thirty-five and 
fifty minutes, then a final one in the supine 
position. Seven of the 19 persons, or 36.8 per 
cent, were found to have gross anomalies. One 
man had a bilateral hydronephrosis, 2 women 
bilateral ptosis and 4 women unilateral ptosis. 
The minimal descent considered ptosi$ was 5 
cm. and the maximal 9 cm. In the cases with 
bilateral ptosis there was dilatation of the 
pelves. They believe these women with ptosis 
will be more liable to infectton in later life, 
particularly in connection with child-bearing 
and that they wil! show a greater tendency to 
stone formation than women with their kidneys 
in normal position. 

The calyces, pelves and ureters were not so 
well defined as in the prone position which the 
authors believe is due to increased peristalsis in 
the upright position. They conclude that kidney 
abnormalities are more common than is gener- 
ally believed. They do not think that abnormal 
roentgen signs without clinical findings should 
be considered an indication for surgery. 

In the discussion it seemed to be the opinion 
that these cases of ptosis are not of special 1m- 
portance and that the reason for the poorer 
visualization of the urinary tract was simply 
gravity rather than increased excretion. 


Audrey G. Morgan. 


Tuomas, GILBERT J., STEBBINS, T. L., and 
SANDELL, SAMUEL T. Roentgen8logy of ren® 
tuberculosis. Radiology, June, 1941, 36, 678- 
683. 


The authors h$ve examined 7,700 patients 
from a private clinic in a large metropolitan 
area and a 700-bed county sanatorium which 
admits patients with all types of tuberculosis. 
Among 4,199 patients from this group whose 
records were complete 4.1 per cent had tubercu- 
losis of one or both kidneys. The plain roent- 
genogram of the kidney is of little value in the 
diagnosis of early tuberculosis. It is useful in 
about 25 per cent of advanced cases. Even ex- 
cretory urography is not decisive in the diag- 
nosis of early tuberculosis; if it is negative retro- 
grade pyelography must be performed in order 
to exclude the disease definitely. 


j 


The autlfors carried out intravenous urog- If a patient has bone tuberculosis careful 
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examination should be made for tuberculosis of 
the kidney. Associated tuberculosis of the bones 
and joints and of the kidney is the most fre- 
quent combination of lesions resulting from the 
hematogenous spread of the disease from the 
lungs. Not only is urographic examination of 
value in the diagnosis of kidney tuberculosis but 
the progress of the disease and the effect of 
treatment can be followed up by means of serial 
pyelograms. If sinuses remain after the surgical 
removal of a kidney their course can be shown 
by a roentgenogram taken after the injection of 
an opaque suspension into them. 

In the discussion Dr. Kornblum emphasized 
the importance of the urologist and roentgenolo- 
gist appreciating the limitations of excretory 


urography. When a kidney tuberculosis can be. 


diagnosed by descending pyelography it is no 
longer early. Roentgenologists particularly 
should pay more attention to this subject and 
should make a more thorough study of urology. 
—Audrey G. Morgan. 


RENANDER, AxeEL. Another case of spontaneous 
rupture of the renal pelvis. 4cta radiol., 1941, 
22, 422—424. 


_ The author has previously described a case of 

rupture of the kidney pelvis by a stone and 
called attention to the rarity of such cases. In 
this article he describes a case in a woman of 
sixty-three who was admitted to hospital for 
severe pain in the left side of the abdomen and 
straining on urination. Roentgen examination 
showed the pelvis of the left kidney slightly dis- 
tended, with relatively bulky calyces. The- con- 
east fluid did not pass into the ureter normally 
but settled like a coating-around the lower pole 
of the kidney and formed an irregular deposit on 
the median side of the pole, Evidently it had 
passed out through a rupture in the pelvis. 
Operafion showed the rupture but did not show 
any stone, so the cause of the rupture is not 
known. 

In this case the outlines of de psoas muscle 
were normal both in the roentgenogram and in 
the intravenous and retrograde pyelograms. 
The perinephritic changes had evidently not 
developed to such a degree as to obscure the 
outlines of the psoas. The perforation was 
judged to have taken place one day before the 
examination. In the previous case the outline 
of the psoas wasobliterated and it was estimated 
that the perforation had taken place two days 
earlier.—/udrey G. Morgan. 
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WirLtAMs, E. Rowan. Subcapsular rupture of 


the kidney—case report. Brit. 7. Radiol, 


"July, 1941, 74, 248-249. 

A case of subcapsular rupture of the kidney 
is reported in woman of thirty-one whb was 
knocked down by a motorcycle. She showed 


hematuria for four days after the accident bue 


improved steadily and was discharged well one 
month after admission. 

Plain films of the urinary tract on tHe fifth 
day after the accident showed general enlarge- 
ment of the right kidney shadow. Excretion 


urography immediately afterward showed the ? 


upper calyces normal on the right side but the 
lower ones could not be defined. Forty-five 
minutes after the injection a vague opacity was 
seen at the lower pole of the right kidney ap- 
parently caused by extravasated urine but it 
gave little definite information th regard to the 
injury of the kidney. The next day a retrograde 
pyelogram was made. The contrast medium 
passed out from two ruptured calyces and col- 
lected in a puddle, the lower and lateral margins 
of which corresponded exactly to the lower out- 
line of the kidney. The retrograde pyelogram 
showed exactly the site, nature and degree of 
the rupture.—/udrey G. Morgan. 


Rosertson, T. D., and Hann, J. R. Primary 
intrarenal lipoma of surgical significance. 7. 
Urol., Sept., 1941, 46, 458-474. 

The authors found in the literature 12 intra- 
renal lipomas of such significant size as to be re- 
moved surgically. They add 2 new cases. Nor- 
mally there is no fat in the kidney. Therefore the 
presence of a fatty tumor must be due to em- 
bryonal rests or fatty metamorphosis of multi- 
plying perivascular and intertubular connective 
tissue cells. Intrarenal lipomata are to be di 
tinguished from perirenal lipomata and replace- 
ment lipomatosis in a pyonephrotic kidney 
shell. & 

The first case reported by the authors was in 
a white female, aged twenty-nine, who com- 
plained of severe left loin pain, vomiting and 
localized tenderness. A left pyelografn showed 
an enlarged kidney with an elongated isthmus 
to the upper major calyx. The preoperative 
diagnosis was renal tumor. Histopathological 
examination of the tumor mass which was ,re- 
moved at operation showed a lipoma encroack- 


ing on kidney tissue with no intervening cap- 


sule. 
The second case was that of a white female, 


T' 


` 


4 
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ds forty-eight, who had had no symptoms ref- 
* gable to the affected kidney. A left pyelograrn 


Swed elongation of the left kidney pelvis’ 


with lateral and caudad displacement of the 
»: kidney. A preoperative diagnosis of left renal 
tumor was confirmed at operation by the pres- 
» egnce of a large lipoma in the upper pole. There 
was, as in the first case, no capsule separating 
, the tumor from the kidney parenchyma. 
The authors review the cases previously re- 
ported in, the literature. These cases must be 
i differentiated from renal cancer and this can 
g only be done histologically. The prognosis is 
good in intrarenal lipoma.—R. M. Harvey. 
BucBEE, H. G. Exploration of certain renal 
tumors. 7. Urol., July, 1941, 46, 1-16. 


Nephrectomy 1s the one cure for any type of 
renal tumor. 'This depends on an early diagnosis, 
which may be very difficult to make. Pain, 
hematuria and tumor are the classical symp- 
toms and to them may be added urographic ir- 
regularities. Defects in the urogram which may 
simulate tumors are spasm of the pelvis or 
calyces, calculus, blood clot, air bubbles, mucus 
plugs, pus and caseous débris in the renal pelvis, 
deformities secondary to pyelonephritis, tuber- 
culosis and pyonephrosis, renal carbuncle, cysts, 
torsion of the kidney, anomalies, extra-renal 
tumors and perinephritic abscess. The urogram 
should be repeated frequently in doubtful cases. 
In many cases surgical exploration is warranted 
where tumor cannot be ruled out. 

The author cites illustrative cases of renal 
tumors with a paucity of clinical symptoms but 
evidence of some irregularity in the urogram. In 
each case operative interference revealed the 
true nature of the lesion. It is interesting to note 

that although clinical and cystoscopic findings 

may often be negative there is usually some de- 
féct in the urogram which arouses suspicion. 
bn cases with definite large inoperable. renal 
tufnors preoperative irradiation will often cause 
such marked reduction in the size of the tumor 
that later operation is possible.—R. M. Harvey. 
* 

' Bucsesr, H. G. Tuberculoma of the kidney; re- 
nort of a case. F. Urol., Sept., 1941, 46, 355- 
358. | 

« The patient was a white woman, aged thirty- 
five, who entered the hospital with chief com- 
plaints of frequency and dysuria and a history 

f of gross hematuria and dull lumbar ache. Roent- 
gen examination of the chest revealed no evi- 

e 
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dence of tuberculosis. A catheter could only be 
passed 1 cm. up the left ureter and the bladder 
urine contained acid-fast organisms which re- 
sembled the tubercle bacillus morphologically. 
Excretory urograms showed a normal right 
kidney and a filling defect suggestive of tumor 
in the left kidney. At operation the left kidney 
was removed and when split the pelvis was 
filled with a firm pinkish mass resembling a 
renal tumor. 

Histological examination showed multiple 
discrete tubercles throughout the kidney and a 
tuberculoma in the renal pelvis. No necrosis 
or cavity formation had occurred. The authors 
were unable to find a case report of tuberculoma 
of the kidney in the literature—R. M. Harvey. 


Fow ter, H. A. Bilateral renal ectopia; report 
of four additional cases. 7. Urol., June, 1941, 
45; 795-812. 

Renal ectopia means a congenitally mis- 
placed kidney with an anomalous blood supply. 
This condition must be distinguished from a 
ptotic kidney which has wandered from its 
normal position but has a normal blood supply. 
Fixation of the ectopic kidney helps to dis- 
tinguish it from the ptotic kidney which is freely 
movable. The commonest surgically important 
anomalies of the kidney are horseshoe kidney, 
renal ectopia, crossed ectopia with and without 
fusion, and anomalies of rotation. 

Renal ectopia may be unilateral, bilateral or 
crossed. In crossed ectopia one kidney is dis- 
placed to the opposite side and lies below its 
mate with or without fusion to its mate. Its 
ureter recrosses the midline and enters the 
bladder in the normal manner. e - 

Bilateral renal ectopia is the rarest anomaly. 
The author found 36 previous case reports 
which, in addition to his 4» brings the total 
to 40. He reviews the previous literature and 
adds case reports of his 4 cases. Films 6f retro- 
grade pyelograms and intravenous urograms 
are included to illustrate the anomalies. 

The predominant clinical symptom ts pain, 
which varies in intensity and suggests low ab- 
dominal pain rather than urinary tract pain. 
Symptoms of disease in an ectopic kidney are 
misleading due to the anomalous position of the 
kidney. The anomaly is not productive of pain 
unless associated disease is present. 

Intravenous urography and pyelography are 
essential for a preoperative diagnosis. Treat- 
ment is the same as for the similar disease in a 
normally situated kidney.—R. M. Harvey. 
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Hyams, J. A., and Kenyon, H. R. Localized 
obliterating pyelonephritis. 7. Urol., Sept., 
1941, 46, 380-395. 

The authors describe unusual changes which 
do not conform to the changes previously de- 
scribed in pyelonephritis. These changes are of 
an obliterative type, limited to one or more 
calyces and resulting in destruction of the calyx 
or its isolation from the true pelvis by a cica- 
tricial barrier. The cause is extension of the in- 
fection to the submucosa. The authors were able 
to trace the development of these changes in 
several cases. They include several case reports 
with urograms to show the early changes which 
may lead to obliterative phenomena. 

The characteristic urographic changes are 
loss of terminal indentation of the calyx, ir- 
regular contour, contraction of the lumen of the 
infundibulum and decrease in the diameter of 
the. terminal portion of the calyx. Successive 
pyelograms will show increasing stenosis and 
shortening of the infundibulum with eventual 
disappearance of the calyx. Retrograde urog- 
raphy is necessary to demonstrate these changes. 

Differentiation must be made from hydro- 
calyx, calyceal diverticulum and isolated tuber- 
culous lesions.—R. M. Harvey. 


Paterson, RarsroN. Cancer of the bladder. 
Brit. F. Radiol., July, 1941, 74, 219-234. 


Cancer of the bladder is relatively rare but it 
often occurs in young subjects and is an indus- 
trial disease of considerable importance. 

There are various types of bladder cancer his- 
tologically but from the point of view of treat- 
raent the author thinks it preferable to use the 
_ macroscopic classification into benign papilloma 
and non-infiltrating and infiltrating cancer. 
Roentgen diagnosis can be made by simple 
cystography but he discusses ‘a method, still in 
the experimental stage, called the relief pneumo- 
cystogram, which he thinks will prove valuable. 
Aft, combined with a small amount of fluid but 
adhesive emulsion, is used to get a mucous re- 
lief picture. Illustrative cystograms and pneu- 
mocystograms are given. 

The author believes that cancer of the bladder 
should be added to that group of cancers in 
which radiotherapy rather than surgery is to be 
considered the treatment of choice in all cases. 
Treatment may be either by implantation of 
radon seeds or radium needles or. by radical deep 
roentgen treatment. The decision as to the 
kind of treatment to be used should be made 
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before the bladder is operied. Radium should be 


used in small, solitary and well nin muleiptt 


growths and roentgen irradiation in multi 

or large lesions. The decision should be made in 
advance because if roentgen irradiation i IS to be 
used the bladder should not be opened and if 
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radon or radium implants are to be used the, . 


radiologist should stand with the implants in 
hand ready to apply them as soon as the bladder 
is opened. Diagrams showing the proper.distri- 
bution of the implants is given. The dosage 
should be between 6,000 and 7,000 r. Seeds 
should never be implanted cystoscopically but 
the bladder should always be opened. 

In roentgen treatment large doses should be 
given through small fields and a special me- 
chanical method of directing the narrow beam 
should be used. Diagrams of the beam director 
and of the treatment fields are given. 

Not enough cases are yet available for defi- 
nite statistical reports but at the Holt Radium 
Institute, Manchester, 60 five year cases 
treated with intravesical radium are available. 
Of these 11 are alive and 10 of these are well 
and free of symptoms. Much more might be ac- 
complished if early cases were treated. Of 64 


A 


! 


three year cases 33 per cent are alive; of these - 


33 were early cases with a survival of §8 per cent 
and 31 late cases with a survival of 7 per cent. 
Of 17 two year cases treated with roentgen ir- 
radiation alone § are alive, well arid free of 
symptoms. 

Benign papillomata can be cured by a four- 


day twice daily course with full beam direction : 


and a tumor dose of over 3,600 r. Another 
method of which the author has hope is the 
Chaoul contact or low voltage short distance 
therapy. The applicator can be fitted into the 


bladder and a single dose of 2,500 r given. The, 


results in the few cases in which this method 
has been used have been good. 

If radiotherapy i is to be substituted for sur- 
gery in cancer of the bladder, radiologists myst 
strive for perfection of technique and give up 
the old idea that radiotherapy is only pal- 
liative.—/udrey G. Morgan. 


GREENFIELD, Henry. Distant metastases from 


carcinoma of the urinary bladder. Radiobgy, 

Aug., 1941, 37, 181—185. 

Very few metastases from cancer of the blati, 
der that could be demonstrated clinically or by 
roentgen examination have been reported be- 
cause they generally occur late an@ in a large 
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percentage of the cases the patient dies from 


'* ipfection of the urinary tract before such meta- 


i 


t 


ww " 


. stasee have had.time to develop. Among 68 fe` 


corded cases of cancer of the bladder seen in the 
radiotherapy department of the Kings County 
ospital there were 3 in which there was definite 
ginical and roentgen evidence of distant meta- 
stases. The author has seen another case in his 
private practice. 

Thee histories and roentgenograms of these 
3 cases are given. In 2 the metastases were in 
the lungs and in the third in the bones, involv- 
ing both sides of the pelvis. The occurrence of 
metastasis does not depend on the size of the 
tumor or the degree of infiltration. Metastasis 
generally occurs by way of the blood rather 


= than through the lymphatic system Audrey 


G. Morgan. 


Craney, F. J. Neoplasm complicating diverti- 
culum of the bladder. ¥. Urol., Sept., 1941, 
46, 486—490. 

There have been only s0 cases of primary 
cancer occurring in diverticula of the bladder. 
'The author adds an additional case in an eighty- 
three year old white male whose chief complaint 
was hematuria. A cystogram showed a large 
diverticulum arising from the right lateral 
bladder wall within which there was a filling 
defect suggesting tumor. At operation there 
was no evidence of carcinomatous invasion of 
the bladder wall although a malignant growth 
was found in the large diverticulum. The histo- 
pathological diagnosis was malignant papilloma. 

The interesting feature of this case is that the 
diagnosis was suggested from the cystogram. 
The usual diagnosis by cystoscopic examination 
could not be made because of prostatic obstruc- 


efion which prevented introduction of the cysto- 


scope.—R. H. Harvey. 


CopyriNGs, C. W., and WELEBIR, F. Osteoma of 
the bladder. 7. Urol., Sept., 1941, 46, 494- 
498. 


The authors were able to find no case reports 
in the literature back to 1916 of osteoma of the 
bladder. Their case was that of a sixty-seven 
yeag old colored female who complained of fre- 


.quetcy, burning and dribbling of six years’ 


dyration and hematuria of three months’ dura- 
gion. Just prior to the onset of her symptoms she 
had received radium and deep roentgen therapy 
for a carcinoma of the cervix. A survey film of 
the bladdef area showed several round calcified 
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bodies suggesting calcifications in fibroid tumors 

of the uterus. Through a suprapubic incision six 

bony masses which were stuck to the bladder 
mucosa were removed. The histopathological 
diagnosis was probable osteoma of the bladder. 

The authors offer as a possible etiological 
factor thrombosis of the blood vessels of the 
bladder secondary to the previous irradiation 
for cervical cancer. The patient was free from 
bladder symptoms one year following the opera- 
tion.—R. M. Harvey. 

Strauss, B. The roentgen demonstration of the 
prevesical spaces. F. Urol., Sept., 1941, 46, 
520—527. 

The technique of the author*n demonstrating 
the prevesical spaces is to prepare the supra- 
pubic region as for cystotomy. The skin, under- 
lying tissues and peritoneum down to the blad- 
der were anesthetized with novocaine. The 
bladder was catheterized, lavaged with sterile 
water and then filled to capacity with sterile 
water and the catheter clamped. A 21 gauge, 3 
inch hypodermic needle was then introduced 
into the bladder in the midline just above the 
pubis. As soon as the needle entered the bladder 
it was withdrawn until its point rested Just out- 
side the bladder. The bladder was then emptied 
and 30 cc. of diodrast introduced slowly through 
the hypodermic needle into the prevesical space. 
A survey film was exposed centering over the 
bladder. Then the bladder was filled with air 
and an air cystogram made. Various combina- 
tions of films were made in several positions. No 
complications occurred. The solution could be 
demonstrated in the kidney pelves in thirgy 
minutes and was totally absorbed in one hour. 

The author describes minutely the anatomy 
of the prevesical spaces. The various, appear- 
ances which may be assumed by the injected 
medium in the prevesical spaces are, demon- 
strated by films. The three main areas which 
could be demonstrated by this method are the 
retropubic, preperitoneal and perivesical.— 

M. Harvey. 


Katzen, P. Metastatic carcinoma of the epi- 
didymis; report of a case. Y. Urol., Sie 1941, 


46, 734-739- 


Only 2 cases of metastatic carcinoma to the 
epididymis have been reported in the literature. 
'These 2 cases both had their primary site in the 
kidney. The author adds an additional case 
which occurred in a white male, aged forty-one, 
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who was admitted to the hospital complaining of 
upper abdominal pain, nausea and vomiting. 
He had lost 27 pounds in six weeks. Gastro- 
intestinal examination revealed a large carci- 
noma in the pyloric end of the stomach, which 
was confirmed at operation. The histopatho- 
logical diagnosis was colloid adenocarcinoma of 
the stomach. Three months later he was re- 
admitted with a painless swelling of the right 
side of the scrotum. On physical examination 
the right epididymis was enlarged and hard. 
The right vas was also thickened and hard. 

Át operation an enlarged firm epididymis 
was removed. The histopathological report was 
metastatic adenocarcinoma.—R. M. Harvey. 

e 
Hercer, C. C., and Sauer, H. R. Relationship 
of serum acid phosphatase determination to 
presence of bone metastases from carcinoma 

of prostate. F. Urol., Aug., 1941, 46, 286—302. 


Many cases of carcinoma of the prostate show 
bone changes which often cannot be definitely 
stated to be metastatic. Frequent examinations 
to note changes in the appearance of the lesions 
may be necessary before a positive diagnosis can 
be made. Recent work suggests that the phos- 
phatase activity of the blood serum may be of 
diagnostic and prognostic value. The authors 
routinely examine the pelvis, lumbar spine and 
chest for evidence of prostatic cancer. Recently 
they have been making phosphatase determina- 
tions. 

The enzyme phosphatase liberates phosphate 
ions from phosphoric acid esters. The authors 
use the method of King-Armstrong rather than 
that of Bodansky. Gutman and Robinson have 
shown that phosphatase was increased in 37 out 
of 44 cases of carcinoma of the prostate with 
metastatic bone changes regardless of whether 
the changes were of the osteol¥tic or osteoblastic 
type. Mo elevation of blood phosphatase oc- 
curred in the absence of metastases. This was 
afid phosphatase as opposed to increase in 
alkaline phosphatase which occurred in Paget’s 
disease. They set an arbitrary value of 3.0 units 
with the King-Armstrong method as the limit. 
If the phosphatase exceeded this value meta- 
stases were probable even in the absence of 
visible bone changes and if the value was below 
this level metastases were unlikely even in the 
presence of suspicious bone changes. 

The authors have attempted to determine the 
reliability of the acid phosphatase determina- 
tions as indicators of bone metastases in cancer 
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of the prostate. One hundred patients weré 
examined, 69 with cancer of the prostate and 2 


Controls. Three cases were in doubt. Thertee 


cases had definite bone metastases and p 
case had acid phosphatase values aboye ‘the 
arbitrary 3.0 units, the average being 22.24 


units. In 9 of the 13 cases alkaline phosphatase. 


was also increased. They found no distinction 
in phosphatase values in osteolytic and osteo- 
blastic types of metastases. In 19 of the remain- 
ing 87 cases values above 3.0 Ea RON; 
units were found. Four of these cases had areas 
suggesting metastases in the pelvis. Nine cases 
had cancer of the prostate with no evidence of | 
metastases. The authors do not feel that Gut- 
man, Gutman and Robinson are justified in 
setting their arbitrary figure of 3.0 King-Arm- 
strong units as top normal. They suggest 4.0 
units for this value. They also helieve that the 
findings should show a tendency to rise on re- 
peated examinations if definite bone metastases 
are present. They had only one patient with 
definite bone metastases and a normal acid 
phosphatase determination. 

In conclusion, the authors believe that the 
acid phosphatase values of the blood serum are 
of definite diagnostic aid in metastatic bone le- 
sions from carcinoma of the prostate. Values 
below 4.0 King-Armstrong units should be con- 
sidered normal. Values from 4.0 to 6.0 units 
should be interpreted with caution. They feel 
that values above 6.0 units indicate metastatic 
bone involvement from cancer of the prostate. 
A rapidly progressing elevation of the acid 
phosphatase activity should be regarded as an 
unfavorable prognostic sign.—R. M. Harvey. 


SEAMAN, J. A., and Binnie, C. Urological com- 


N 
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plications ai cancer of the rectum. 7. Uro/s , 


Oct., 1941, 46, 777—787. 

Cancer of the rectum can be palpated by 
rectum in 85 per cent of cases. This is of intetest 
to the urologist who makes use of rectal palpa- 
tion more often than the other specialists. The 
close relationship of the rectum and urinary 
tract render the latter vulnerable o rectal 


cancer and the operative measures connected . 


with it. The ureters may be traumatized, 
ligated or sectioned in abdominoperineal opera- 
tions on the rectum. The sympathetic or paga- 
sympathetic nerve supply may be injured, prà 
ducing an atonic bladder with relaxed sphincter. 
The bladder usually suffers severe trauma in 
being separated from the rectum. Bladder in- 
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fections are a frequent sequel to rectal opera- 


. tjons. 
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Cancer of the rectum rarely invades the pros> 
tate gland. Occasionally rectal cancer may in- 
vadė the bladder. Usually the symptomatology 
ôf the primary lesion will overshadow the 
Symptoms of a secondary obstructive uropathy. 

After operative removal of the rectum for 
cancer it is no longer possible to make an early 
diagnosis of prostatic cancer by rectal palpation. 
This raises the question of the advisability of 


although no disease of the prostate may be 


a doing a róutine prostatectomy in rectal cancer 


resent.—R. M. Harvey. 


SKELETAL SYSTEM 


Howes, WinLLiAM Epwarp, and SCHENCK, 
SAMUEL GEORGE. Roentgenologic considera- 
tions in the diagnosis and treatment of pri- 
mary malignant bone tumors. Radiology, 
July, 1941, 37, 18-34. 

The authors present a study of 40 primary 
malignant bone tumors. They were, according 
to Ewing’s classification, osteogenic sarcoma 24 
cases, chondrosarcoma 3 cases, endothelioma 
€ cases, multiple myeloma 3 cases, reticulum- 
cell lymphosarcoma 4 cases, unclassified 1 case. 
The age range of the patients was from two and 
one-half to seventy-two years, the average 
being 32.6 years. The average duration of symp- 
toms before the beginning of treatment was 
about six and one-half months. | 

Roentgen examination proved to be one of 
the surest methods of diagnosis. Roentgeno- 
grams of illustrative cases with descriptions of 
the typical findings in the different forms of 
tumor are given. Among the 39 cases examined 
roentgenologically the diagnosis proved correct 

«fn 33. One case was diagnosed as osteochon- 
droma instead of osteochondrosarcoma, 1 as 
metastatic malignancy instead of lymphosar- 
coma, I as metabolic dyscrasia instead of leuko- 

" safcoma, in I no roentgen diagnosis was ven- 
tured but it proved to be reticulo-endothelioma, 

I was diagnosed as cortico-periostitis of the ulna 

but pro*ed to be angio-endothelioma, and in 1 

case of parosteal osteogenic sarcoma the roent- 

genpgrams taken postoperatively proved nega- 

2 

4lreatment cannot be standardized at present. 

Among these cases 35 were given irradiation, or 

operation or both. Twenty-six patients were 
benefited for from one month to four and one- 

half years,*including the 13 still alive, giving a 
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mean average of 15.4 months’ alléviation of 
symptoms. The other 9 showed no clinical im- 
provement from either surgery or irradiation. 
Up to the present time 25 of the patients are 
dead, 2 have not been followed and 13 are living. 
The present survival period in these 13 cases, 
dating from the beginning of treatment; is from 
three months to six years, the mean average 
being twenty and one-half months. 

In the discussion Dr. Murphy said that the 
usual classifications of bone tumor are patho- 
logical but he thinks that pathological diagnosis 
is just as difficult as roentgenological. It should 
be remembered that anteroposterior and lateral 
views are often not sufficient. Stereoscopic, 
tangential and other types of, views should be 
made to bring out all possible information. If 
such care is taken he thinks the roentgenologist 
will be as successful as the pathologist in diag- 
nosis. 

Dr. Newell said that either irradiation or 
surgery may fail. A Ewing tumor might be cured 
by either irradiation or amputation and the pa- 
tient die from remote metastases. This does not 
prevent his preferring irradiation for Ewing’s 
tumor. 

In closing Dr. Howes said that the danger 
from biopsy was slight as compared with its 
value in diagnosis. Brailsford advocates im- 
mobilization of the limb and follow-up examina- 
tions when diagnosis cannot be made from the 
original examination. Dr. Howes thinks the 
danger from delay is greater than that from 
biopsy.—dudrey G. Morgan. 


CaMPBELL, WiLLis C., and Hamitton, J. F. 
Gradation of Ewing’s tumoe (endothell 
myeloma). 7. Bone & Foint Surg., Oct., 
1941, 27, 869-876. | 


Campbell and Hamilton state that the avail- 
able literature contains no record of an attempt 
to grade Ewing’s tumor. So a serious study was 
made of 30 cases, particularly with referencesto 
microscopic findings of the tumors, in an effort 
to find reliable data which would aid in grading 
the malignancy of this entity. They regard the 
grading of this tumor, as of carcinoma and sar- 
coma, as exceedingly difficult. A number of 
factors are responsible for this difficulty, es- 
pecially the total lack of differentiation of the 
tumor cell. The prognosis, therefore, should 
always be guarded. 

They conclude that the most significant of 
their findings is the nuclear chromatin content, 
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and the cell activity as measured by the number 
of mitotic figures per high-power field. A classifi- 
cation of the tumors according to their chroma- 
tin content indicates that those containing a 
large number of chomatin knots are probably 
more malignant than those containing a lesser 
number. 

In studying the cellular activity, they divided 
the tumors into three grades, according to the 
number of mitotic figures in a high-power field, 
as follows: Grade 1, one to five figures; Grade 2, 
six to ten figures; and Grade 3, eleven to fifteen 
figures. It appeared that a patient with a tumor 
having five or less mitotic figures (Grade 1) has 
approximately a 23 per cent chance to survive 
ten years and a gI per cent chance to live five 
years, whereas, if the mitotic count is eleven or 
above. (Grade 3), he will probably live little 


over a year. None of the patients with tumors in 


Grade 2 of the series lived ten years, and 3, or 
33 per cent, lived over five years. 

The roentgenographic evidence presented by 
their cases indicated that the early stage, char- 
acterized by bone condensation, goes hand in 
hand with increased cellular activity, whereas 
late bone changes are usually accompanied by 
diminished cellular activity. 

They regard this group of cases as too small 
to draw any definite conclusions regarding the 
gradation of Ewing's tumor. Studies of large 
numbers of cases may throw more light upon 
the subject and.lead to the discovery of a 
method of establishing a more accurate prog- 
nosis.—R. S. Bromer. 


AITKEN, A. P. Roentgenographic recognition of 
*synovioma. F. Bone £3 "Joint Surg., Oct., 


1941, 27, 950—952. 


The tumor which was present in the case re- 
ported by Aitken was one that is derived pri- 
marily from the cells of the synovial lining, and 
which is characterized by the formation within 
the tumor of spaces lined with synovial cells. 
The tumor is said by pathologists to resemble 
closely an angioma, and is often mistaken for it. 
This neoplasm is a sarcoma, and is either highly 
malignant or potentially so. Although the tumor 
IS derived from synovial:cells, and may thus 
arise from either a joint or bursa, it may be 
found to be entirely extracapsular, and to have 
no apparent association with either of these 
structures. However, it is usually found in close 
proximity to a Joint. 

Lewis has described the roentgenographic ap- 
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pearance as follows: “Near a joint, and some- 
times involving the joint, is seen a rounded, 


“sometimes rather lobulated, sharply defined, 


soft-tissue tumor mass. No differential diagnosis 
can be made on such a mass itself; but whén in 
the mass is found a scattered and pe m de- 
posit of amorphous lime, we have learned thaqa, 
provisional diagnosis of synovioma is Justified. 
Aitken’s case showed in the roentgenograms of 
the knee joint amorphous areas of calcification 
with definite extension into the joint space and 


tient was operated upon and the tumor was re- 


e* 


N 


i 


with no evidence of bone involvement. His pa- f 


moved, but sixteen months later examinatior/ 


showed multiple metastases to the lungs— , 


R. S. Bromer. 


Kissy, Sypney V. Melorheostosis, with report 
of a case. Radiology, July, 1942, 37, 62-67. 


Melorheostosis is a type of hyperplasia of 
bone limited to one extremity and extending 
from one end of it to the other but usually leav- 
ing a few unaffected areas along its course. 

The author reviews the few cases previously 
published and describes a case of his own in a 
Japanese girl, five years old when first reported 
in 1931. Illustrative roentgenograms are given. 
The patient had difficulty in walking and some 
valgus deformity of the knee. The onset had 
been gradual. She had had slight pain in the 
knee at times. The child had been late in start- 
ing to walk and had a slight limp. Roentgeno- 
grams showed linear areas of increased density 
extending from the head of the left femur along 
the medial and anterior surface of the shaft to 
abouta quarter of an inch above the distal epiph- 
ysis. There was spotty condensation in the 
patella and the upper epiphysis of the tibia. 


streak of condensation extended down i 


lateral and anterior surface of the tibia to the 
lower epiphysis. The fibula was not involved. 
There were areas of condensation in the astrága- 
lus and traces in the os calcis, navicular and 
first metatarsal. There appeared to be arrested 
development of the epiphyses of the involved 
bones. Six years later roentgenogram? did not 
show any increase in the extent of the lesions or 
any changes in their distribution. 

The cause of the condition is not kn dyn n. 
Zimmer's theory that it is due to a congenital 
developmental defect in a primitive DN 
explains the distribution and the early occur- 
rence of most of the cases but does not account 
for the disease in adults.—/udrey G. Morgan. 


* 


Io 5 
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Camp, Joun D., and McCurroucg, J. A.L. 
. _ Pseudofractures in diseases affecting. the 
"skeletal system. Radiology, June, 1941, 36; 
651-663. [ 


"a . Psewdofractures occur in various forms, ei ither 
as transverse zones of decalcification, cracks or 
» sures extending through the cortex to one side 
or as fusiform callus formation and periosteal 
reaction. They seem to develop without gross 
trauma but trauma may convert them into true 
fractures. Attempts have been made in recent 
years to show that these pseudofractures con- 
b a new and independent disease entity. 
he author does not believe that this is true 
« as they occur in many conditions that are not 
closely related. 'The greatest number of cases 
were reported in the years immediately follow- 
ing the world war, indicating that in some cases 
atleast they are caused by malnutrition. The 
author concludes that they are caused by exces- 
sive strain on bones that are already weakened 
by disease. They occur most frequently in the 
bones that are subjected to the greatest strain. 
Experimental work has been done that seems to 
confirm this theory —Audrey G. Morgan. 


Hart, Vernon L. Two unusual injuries of the 
wrist. 7. Bone & Foint Surg., Oct., 1941, 23, 
949—949. 

Hart records two unusual injuries of the 
wrist resulting from direct violence over the 
volar aspect of the carpus. The first injury is a 
fracture of the ridge of the greater multangular 
bone or trapezium which gives attachment to 
three of the intrinsic muscles of the hand and 
the transverse carpal ligament. 

The second injury which he describes is a 
scar-tissue ring constricture of the ulnar nerve 
Where it passes over the hook of the hamate or 
unciform bone which forms a part of the ulnar 
border of the carpal canal. Excision of the ring 
of sear tissue and a neurolysis of the affected 

. portion of the nerve resulted in complete relief 
of the patient's disability.—R. S. Bromer. 


* CARTER, (&ALuPH. M. Carpal boss: a commonly 
overlooked deformity of the carpus. Y. Bone 
C9 Joint Surg., Oct., 1941, 23, 935—945. 
C#rter’s first patient presenting the condition 
kngwn as “carpal boss" was a woman, aged 
tMirty, who had a definite rounded tumor on the 
posterior aspect of the right wrist situated at 
the base of third metacarpal bone. It was firm 
in consistency, was painless upon pressure, and 
e 
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was apparently firmly attached to the underly- 
ing bone. The skin was freely movable ábove it. 
The tumor was approximately 1 cm. in diameter 
and was much more apparent with theihand i in 
extreme palmar flexion. A lateral roentgenogram 
showed that the tumor was a definite outgrowth 
of bone posteriorly from the distal articular sur- 
face of the os capitum of the wrist, and a similar 
outgrowth from the proximal surface of the third 
metacarpal; n other words, there seemed to.be 
a fully developed posterior "lipping" of the 
articular surfaces of both bones, with cemplete 
preservation of the articulation itself. The pa- 
tient was operated upon and the condition 
found at operation was that shown in the roent- 
genogram. The spurs were removed and the 
symptoms disappeared. Within a few months 
the tumor had reappeared, and the roentgeno- 
gram revealed that the preoperative condition 
had recurred. However, there has been no recur- 
rence of symptoms and the tumor, having again 
attained its original dimensions, has since shown 
no tendency to increase 1s size. 

Carter has seen § more patients with the same 
condition. Investigation of the literature showed 
that the process was a definite clinical entity, 
but one which apparently has only been de- 
scribed in the French medical literature. The 
causes assigned to the process are speculative, 
and it has not been sufficiently studied to prove 
or disprove the various etiologic theories. The 
fact that the deformity always occurs in the 
same location, and that it always presents the 
same roentgenographic appearance, would indi- 
cate that some etiologic factor is present which 
is common to all; as, for instance, it would ap- 
pear extremely likely that this cgmmon factos 
might be an occupational one. However, a 

study of Carter's cases would seem to indicate 
that the various occupations of his patients had 
nothing in common, which would tend to dis- 
prove this suggestion.That the cause which origi- 
nally produced the condition probably remained 
active is shown by the fact that the exostosés 
promptly recurred after removal. 

Carter states that two considerations 
prompted his report. In the first place, the dis- 
ease is of interest from the academic standpoint. 
It is apparently a sharply defined clinical entity, 
and probably more common than a search of the 
literature would indicate. Even though it is a 
comparatively trivial affection, orthopedic sur- 
geons should have it in mind and be able to 
recognize it when it presents itself, if only for 
the purpose of differential diagnosis. 


e l e 
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In the second place, and probably of.more 
importance from a practicable standpoint, is 
the fact that disability claims may arise follow- 
ing industrial accidents, as in one of his pa- 
tients. In the published cases: and in Carter's 
own experience, there is nothing to indicate 
that the condition follows a single trauma in the 
affected region. On the contrary, it appears to 
be a gradual development. 

He believes that these patients should not be 
operated upon.—R. S. Bromer. 

LÀ . " 

Cave, Epwin Frencu. Retrolunar dislocation 
of the capitate with fracture or subluxation 
of the navicular bone. 7. Bone & Joint Surg., 
Oct., 1941, 23, 830-840. 


Dislocation of the capitate bone, with frac- 
ture or subluxation of the navicular, has been 
third in frequency in the series of carpal bone 
injuries at the Massachusetts General Hospital. 
It is, however, far outnumbered by fractures of 
the navicular bone.and dislocations of the lu- 
nate. Reduction of the dislocation of the capi- 
tate by manipulation can be accomplished if 
done early. If this is not successful, open reduc- 
tion must be carried out. If there is an as- 
sociated navicular fracture, and satisfactory 
alignment of the fragments is:not obtained by 
manipulation, Cave advocates open reduction 
and insertion of a bone graft. In neglected cases 
of this type of injury, he advocates a choice of 
treatment between excision of the first row of 
the carpus and wrist fusion.—R. S: Bromer. 


Soro-Harr, RALPH, and HALDEMAN, KEENE O. 
a The conservative and operative treatment of 
fractures of the carpal scaphoid.(navicular). 

F. Bone & Joint Surg., Oct., 1941, 25, 841- 

850. 

The authors conclude that success in the 
treatnfent of fractures of the carpal navicular 
depends upon the recognition of the fracture 
within two or three weeks of injury, and upon 
adequate and prolonged immobilization. Under 
these favorable conditions osseous union may 
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be anticipated in a very high percentage of. 


cases. 

- Excision of one or both fragments of the 
navicular is reserved for a limited number of 
cases, including those showing marked ¢om- , 
minution and those in which other measures ` 
have failed. 

From further experience in the operative 
treatment of non-union, they believe that the 
drilling operation has a limited value, and that 
a procedure is indicated which combines the 
excision of the interposed fibrous tissue, the 
drilling of the bone, and the insertion of a bone 
graft from the radius. This procedure materially 
reduces the period of necessary immobilization 


k 


and increases the chances of union.—R. S. * 


Bromer. 


SAcHS, Maurice D., Hitt, Harop A. and 
CHUINARD, Expon L. Further studies of the 
shoulder joint with special reference to the 
bicipital groove. Radiology, June, 1941, 36, 
7317735. 

The usual roentgen projections fail to show 
bone changes in the region of the bicipital 
groove. The authors suggest a projection with 
the central ray tangential to the bicipital groove. 
The angulation varies with the thickness of the 
patient but medially it is approximately from 
25 to 30 degrees and ventrally from 10 to 15 de- 
grees. The patient is supine with the arm ad- 
ducted and supinated; the cassette is on top of 
the shoulder and at right angles to the longitudi- 
nal axis of the humerus, the tube slightly ex- 
ternal to and below the elbow. 

Such views were made of 40 patients with a 
. history of trauma to the shoulder but in whom 
routine roentgenograms were negative. The 
grooves were not normal in any of the cases. 
Four of the cases are described and illustrated 
with roentgenograms to show the nature of the 
abnormalities found. It will require further 
study and correlation of the clinical and réent- 


gen findings to determine the clinical signifi- « 


cance of these roentgen changes.—Audrey G. 
Morgan. 
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- |. NEWER ASPECTS OF CANCER RESEARCH 
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NEW YORK, NEW YORK 


zi T" honor done me in being asked to 


give the Caldwell Lecture before this 
Society is three-fold. First, I am not a 
roentgenologist, and hence to be asked to 
address a group of individuals so eminent 
in this field is an unusual tribute. Second, 
the career of the man in whose memory the 
lectureship is named was such that to be a 
guest speaker 1s a recognition of scientific 
accomplishment. And lastly, the willing- 
ness of this Society to hear a consideration 
of the physiological aspects of cancer is an 
indication of the importance of those as- 
pects and of their application to our under- 
standing of neoplastic growth. 
It has seemed wise to confine this presen- 
tation to a consideration of the evidence 
which concerns the relationship of sex 


hormones to cancer. This is, of course, only. 


one'aspect of modern developments in' the 
study of neoplasms, but one so important, 
and to which radiology has added so much, 
that it should be of vital interest to: this 
group. 

The phenomenal increase in knowledge 
congerning the biological effects of the sex 
hogfnones has raised, in recent years, very 
irportant questions concerning the pog- 
sibility of their participation in the causa- 


tion of cancer. It is desirable, at this time, 
to review the evidence which has been 
advanced in justification of these questions. 
This should be done in order to ascertain 
if possible (1) whether sex hormones play 
any rôle in. the etiology of cancer in man, 
and (2) whether the induction of a hormone 
imbalance 1s at all useful in the treatment 
of any neoplasm. 

It is clearly understood that the primary 
interest of physicians is in the problem of 
cancer in human beings. Apart from eso- 
teric interest, investigative work in the 
cancer field is only important if it bears 
directly on that problem. As cbncerns the? 
topic under discussion, however, experi- 
ments on animals provide sO great a 


scientific backgróund that it is neither just 


nor feasible to omit a discussion of thém. 
The first major step in the development 
of our knowledge concerning breast cancer 
came with studies of the genetics of that 
disease in mice. Through the work of a 
number of laboratories, notably those of 
Slye, of Little, and of Lynch, pure strains 
of mice were developed by persistent close 
inbreeding. After a given number of genera- 
tions of such genetic control the animals 


. become chromosomally identical and are 


- * The Twentyathird Caldwell Lecture, delivered at the Forty-third Annual Meeting of the American Roentgen Ray Society, Chicago, 


Illinois, September 15-18, 1942. 


ie 289 


290 


known as homozygous. Their various 
physical traits can be expected to be re- 
produced regularly in their descendants. 
Whereas "sports" of different character- 
istics occasionally occur, in general the 
physical traits are remarkably constant. 
By these methods certain pure strains are 
established in which all the females, or a 
very large number of them, will spontane- 
ously develop breast cancer: The disease is 
not identical in all respects with breast 
cancer in man, but it is a malignant neo- 
plasm of the breast;it metastasizes, and kills 
the animal. For these reasons it serves as a 
very useful tool. Other strains of mice have 
been bred which never or very rarely 
develop mammary neoplasms. Pure strains 
of mice in which the expected susceptibility 
to spontaneous mammary cancer 1s known 
obviously provide for the worker in cancer 
research a tool as precise as are pure 
substances for the worker in the chemical 
laboratory. 

It is commonly supposed that the genetic 
characteristic of suceptibility to. mammary 
cancer in mice remains constant as long as 
the strain 1s kept pure. Only one serious 
question can be raised concerning this 
assumption. Bagg? has reported that he 
could increase very greatly the incidence of 
breast cancer in a pure strain of mice which 
normally have a low incidence of that dis- 
ease. This was done by breeding the ani- 
“mals very rfpidly and removing the young 
without allowing the mothers an oppor- 
tunity to nurse. This obviously, however, 
does not alter seriously the basic premise 
that, under standard conditions, the ex- 
pected rate of breast cancer in pure strains 
of mice can be predicted very accurately. 

It 1s, of course, a matter of great interest 
to ascertain whether the anatomical struc- 
tures in the breast of low-breast-cancer- 
incidence mice differ in any way from those 
of the high-cancer-incidence strain. Tay- 
lor? and Gardner, Smith and Strong“ have 
examined the facts concerning this point. 
There does appear to be a real difference. 
In the cancer-resistant or low-incidence 
strain C57, very slight development of acini 
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is seen on the simple duct system of the 
resting breast. In the DbA, or high-inċi- 
dence mice, myriad buds of epithelial çells 
are seen in the duct system even in' the 
resting breast. As will be shown later, it ts 
these acini which develop into- masses of 
cells and under proper stimuli become 
transformed eventually into cancer cells. 
As stated previously, the susceptibility 
to breast cancer in mice is clearly heredi- 
tary. More detailed studies, however, par- 
ticularly those of Little” and his co-worker, 
Murray, proved clearly that the trait was 
not inherited as a simple Mendelian dom- 
inant. This became so clear that geneticists 
began to speak of the “extra-chromosomal 
genetic factor." Further studies showed 
that this factor was transmitted by the 


maternal parent. For example, if a female 


mouse of a high cancer strain was bred to 
a male mouse of a low cancer strain, the 
offspring had a high incidence of cancer. 
Conversely, if a female of a low cancer 


[ 


strain was bred to a male of high cancer - 


strain, the offspring had a low incidence 
of cancer. Were the inheritance of the 
tendency to mammary cancer one. which 
proceeded by the Mendelian law, the off- 
spring of such crosses would be expected to 
have an intermediate incidence. This was 
not the case, but rather the genetic consti- 
tution of the. mother seemed to exert the 
predominant influence. 

This led to a most interesting and dra- 
matic experiment. Bittner,‘ of Little’s labor- 
atory, foster-nursed mice born of a high 
cancer strain on mothers of a low cancer 
strain. If this foster nursing took place in 
the first twenty-four hours of the life of*ghe 
infant mouse, the animal, in spite of its 
heredity, had a low incidence of cancer. In 
other words, in order that mice haye a high 
incidence of breast cancer, they must 
be nursed by mothers of a high-incidence 
strain, quite independent of theirlin- 
herited chromosomal pattern. This Was 
a. fundamental observation of the great- 


est importance. At first Bittner did not: 


believe that the converse held; that Is, 
that young mice of a low-incidence strain 
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would develop a high incidence of breast 
cancer if foster-nursed on high-incidence 
mothers. More recently, however, Ander- 
vont! of the National Cancer lüstitute: has 
shows that if new-born mice of three low- 
incidence strains are foster-nursed by mice 
af strain C3H with a very high incidence 
of breast cancer, the incidence of the dis- 
ease in the fostered animals can be raised 
from o to approximately 15 per cent. 


Important as is the milk principle, so- 


called, transferred by the nursing mother 
to the young, it is not the only factor con- 
cerned in the inheritance of the tendency 
toward breast cancer in mice. Furthermore, 
the milk influence does not seem to bear on 
other forms of mouse cancer. Hence, the 
genetic work may be summed up in the 
statement that the tendency to breast 
cancer in mice depends upon two factors, 
one inherited and one contained in the 
maternal milk, and is associated with 
anatomical characteristics of the affected 
organ. 

The next important development in our 
knowledge of experimental mammary can- 
cer concerned the participation of endo- 
crine function. This was originally sug- 
gested by the observation that the inci- 
dence of the disease was much higher in 
breeding mice than in virgin animals. This 
led Lathrop and Loeb,” and later Cori,’ to 
examine the effect of removal of the ovary 
in mice of a high-incidence strain. It was 
found that oophorectomy early in life 
regularly prevented the development of 
breast cancer. Non-breeding control mice 
of the same strain had an incidence of 78.5 
pef cent. If the operation was done at 
between two and three months of age, the 
incidence of cancer was reduced, but the 
disorder, was not eliminated entirely. It 
was also clear that the ovarian effect 
applied only to genital cancer, since certain 
of *he animals developed neoplasms of 
tigue other than the breast. From. the 
studies of ovarian removal, it was clegr 
that some secretion of that organ played a 
significant, etiological róle in the cause of 
mammary cancer. 
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The next experiment followed naturally. 
If removal of the ovary with consequent- 
loss of its hormonal secretion inhibited 
breast cancer in genetically highly suscep- 
tible animals, it was reasonable to try the 
effect of transplanting ovarian tissue into 
castrated male mice of a strain of which the 
females show a high incidence of breast 
cancer. This was done by Murray, and after 
some preliminary failures was successful. 
Breast cancer occurred in the male arfimals. 

At about this time it became clear that 
ovarian function is under the control of the 
anterior pituitary gland. If the pituitary 
was removed, the ovary atrophied, and if 
fragments of pituitary were transplanted 
into closely related animals, the ovary was 
stimulated into excessive activity. This 
led logically to the next experiment in the 
series: the transplantation of anterior 
pituitary into female mice of a high-cancer- 
incidence strain. When this was done, 
cancer occurred more frequently and earlier 
than in control animals. This effect only 
occurred, however, if the ovary was pres- 
ent. 

In view of the successful experiments in 
which pituitary gland was transplanted, 1t 
was reasonable to try the converse: abla- 
tion of the pituitary in animals of a high- 
cancer-incidence strain. This, of course, 
cannot be done in very young animals, but 
if the operation is performed on adult mice, 
breast atrophy occurs; but thè occurrencé 
and growth of breast cancer is not in- 
hibited.? This is difficult to understand 
except on the basis that the primary can- 
cer-producing effect of the. ovary tunder 
pituitary control has occurred before the 
pituitary can be removed. In other words, 
once the animal is of a suitable size for 
pituitary ablation, the damage which re- 
sults in breast cancer has already been 
done. 

Some years after the original experiments 
on ovarian removal and transplantation, 
Doisy, Thayer and Van Bruggen? published 
their classic experiments on the 1solation in 
pure form of the effective principles of 
ovarian tissue. Three of these are now 
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known: estrone, estriol and estradiol. All of 
these are effective in inducing the develop- 
ment of secondary sexual characteristics in 
animals and, of course, are in common 
clinical use under various trade names. 
Once adequate quantities were available, 
it was reasonable to treat with them male 
mice of strains in which the females had a 
high incidence of cancer. This was done 
originally by Lacassagne,” and striking 
success was attained, but only in males of 
a high-cancer-incidence strain. No amount 
of treatment of males was effective 1f they 
were of strains of which the females nor- 
mally would not develop breast cancer. 
This type of study has been confirmed and 
extended by Gardner. Of course, by the 
term "strain" is meant an animal bred from 
-and nursed by mothers of the same strain. 
This is an important point because 
Twombly has proved that male mice of a 
strain which never develops breast cancer, 
foster-nursed on  high-cancer-incidence 
mothers and then treated with pure female 
hormone, will develop breast cancer. 
Examination of the effects of the injec- 
tion of pure female hormone on the struc- 
ture of breast tissue of male mice of low- 
and high-cancer-incidence strains is very 
interesting. This has been done by Taylor.?? 
Thirty-seven thousand units of estrone 
given to a male mouse of a low-breast-can- 
cer-incidence strain gives absolutely no 
"morphological alteration of the breast 
structure. One-tenth this amount adminis- 
tered to a male mouse of a high-cancer- 
incidence strain gives very striking prolifer- 
ation Sof the acini, with the formation of 
enormous numbers of buds of epithelial 
cells. It is quite apparent that the breast 
tissue of the two strains reacts entirely 
differently to female hormone. It must be 
said, however, that the clear-cut genetic 
difference may not apply to animals other 
than the mouse, since Geschickter appears 
to have evidence that the administration 
of estrogenic hormone to rats will cause 
breast cancer regularly and these animals 
never develop the disease. In the rat the 
pituitary gland is apparently required for 
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the cancer producing effect of female hor- 
mone, since the tumor does not occur if tlfe 
pituitary is removed surgically. Similar, ex- 
periments have not been done with, mice. 

The clarity of the results concerning 
ovarian function as a cause of breast cancer 
led, of course, to the thought that inhibi- 
tion of ovarian secretion or the antagoniz- 
ing of that secretion. by male hormone 
administration should inhibit the develop- 
ment of breast cancer. For this reason, the 
experiment was tried of administering tes- 
tosterone to female mice of a high-breast- 
cancer-incidence strain. This was done by 
Lacassagne,” and also by Nathanson and 
Andervont.”” It was partially successful 
inasmuch as, if the male hormone is given 
early in the life of the animal, breast cancer 
does not occur. This is not true, however, 
later in life, when male hormone adminis- 
tration seems to have little or no effect. 

Now all this information can be summed 
up by the statement that spontaneous 
breast cancer in mice is caused by ovarian 
secretion (estrogen) ‘given off rhythmically 
under pituitary controlin mice predisposed 
to this disease hereditarily and by nursing. 
This 1s so clear that attempts have been 
made to correlate the tendency to breast 
cancer with sexual rhythm (Bonser*), the 
ability of the animal to destroy estrogens 
(Taylor and Twombly??), and the mor- 
phology of the glands of internal secretion 
such as ovary and adrenal?! (Taylor, Gard- 
ner). Unfortunately, no absolute correla- 
tion has been proved to exist. 

The fact should be noted, if only in pass- 
ing, that breast cancer is not the only 
malignant neoplasm which can be caused 
in mice by the administration of pure ova- 
rian secretion. In the hands of Gardner? 
and his co-workers, leukemia and gancer of 
the cervix have also resulted. Lipschütz 
and Iglesias have proved that fibromas of 
the uterus and adnexa can. be catsed 
similarly in the guinea pig. 

«Lhe certainty that ovarian secretion is 
concerned with the production of genital 
tumors in mice and other animals has, of 
course, led to a great deal of speculation as 
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to whether estrogenic substance has’ tö do 
With the etiology of cancer in man, "Since 
estrogens are administered frequently tol a 


very large number of individuals and. Often . 
in large amounts, we would suppose. tliát, - 


were they etiological, evidence of tliis- fáct 
would have been obtained by now:*Fhere 
is no clear-cut evidence. One case has-been 
reported by Auchincloss and Haagensen?.in 
which breast cancer certainly followédthe 
administration of considerable amounts of 
estrogenic substance. The patient gave no 
suggestion of the presence of breast-caricer 
before the treatment was begun. On the 


other hand, there was a strong history of | 


mammary cancer in the patient's family, 
and if the occurrence of that disease was 
more than coincidental many instances 
would be expected to have occurred: They 
cannot be found, even though very ‘careful 
surveys have been made. 

The fact should be recalled Aha the 
amount of estrogenic substance given to 
mice in order to induce breast cancér is 
enormously greater than would ever be 
given to human beings. On the other hand, 
estrogens, when administered to monkeys 
and to rabbits in very large amounts, have 
not given rise to breast cancer. Jt seems 
probable that etiologically, at least, breast 
cancer in human beings is not caused by 
the administration of any pure substance 
which so far has been isolated from ovarian 
tissue. This is probably equally true of can- 
cer of the uterus and cervix. Here, again, 
the disease, or anything simulating it 
closely, has never been produced in-man or 
in primates, even though very large 
argounts of material have been given. 

There is, on the other hand, soie sug- 
gestion that estrogenic substances may 
play some róle in the control of the raté of 
growth of breast cancer which has occurred 
spontaneously in human beings. This evi- 
dence first developed many years ago with 
thé observation that oophorectomy in 
women with breast cancer was followed in 
some instances by rather striking, though 
temporary, regression of the disease. Since 
consistent results were not obtained, the 
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pube abandoned. Later on, how- 
ever, Dresser!? studied the effect of inhibi- 
tion | of ovarian activity by roentgen 
irradiation in women with extensive me- 
tastasizing breast cancer. He felt that in 


t onéthird of the patients treated 


abou; 
while still of the menstruating age, very 
definite”. temporary regressions occurred, 
which would not have been expected to 
develop spontaneously. Some time later 
Taylor! from the same clinic, reported 
similar observations, although he was even 
more certain than Dresser thatlittle benefit 
was to be obtained by roentgen irradiation 
of thé ovaries in women past the meno- 
pause. Nearly every clinic which treats 
patients with breast cancer has one or more 
examples of this phenomenon, a strong 
suggestion that in certain instances the 
removal of ovarian secretion is associated 
withia temporary cessation of growth of the 
tumor. | 

The experiments described were so strik- 
ing, though irregular, that Farrow and 
Woddard* of the Memorial Hospital, were 
led to study the effect of the administration 
of male hormone on women with breast 
cancer metastatic to bone. They noted that 
pain; appeared to be somewhat relieved, but 
on closer analysis discovered that the tumor 
appeared to extend more rapidly than if 
the testosterone were not administered. It 
was|then observed that when male hor. 
mone, testosterone, or female hormone? 
estradiol, was administered to women with 
breast cancer metastatic to bone, the treat- 
ment was followed promptly by a striking 
rise in the levels of serum calcium. THis was 
followed by a rise in serum phosphatase 
and |by an increased output of calcium in 
the urine. The mechanism was quickly ap- 
parent. Either of the sex hormone sterols, 
estrone or testosterone, caused withdrawal 
of calcium from bone with resultant high 
serum levels of calcium and the loss of that 
mineral in the urine. This induced damage 
to bone was followed by attempted repair 
reflected by the increased phosphatase 
levels. When the same materials were ad- 
ministered, to women with extensive breast 
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cancer not present in bone, no such effect 
was obtained. Furthermore, the effect, 
when attained, was associated with roent- 
genological evidence of extremely rapid 
extension of the neoplasm contained in the 
‘bony structures. It was perfectly apparent 
what was happening; since the results were 
open to only one explanation. The sex 
steroids stimulated enormously the rate of 
growth of the breast cancer tissue present 
in the bone, and this accelerated rate could 
be measured by the speed with which the 
tumor drove calcium out of the bone as well 
as by the spegd with which bone destruc- 
tion increased. These observations were 
clear-cut and led to an even more striking 
study. Two male patients with spontaneous 
breast cancer were at hand. In one of these 
the same experiment was tried as had been 
made with the women. Án exactly similar 
effect was obtained. In the other, however, 
castration was done to remove one source, 
at least, of sterolic hormone. This patient 
has now been observed for a number of 
months, and the results have been dramatic. 
The tumor of the breast has almost com- 
pletely disappeared and very striking heal- 
ing of the areas of destruction due to the 
presence of cancer in the bone have taken 
place, exactly the reverse effect from that 
which would be expected to follow the ad- 
ministration of increased amounts of sex 
steroid. | 

More observations are, of course, re- 
quired. We can only state at present that 
the removal of ovarian secretion does bene- 
fit certain patients with breast cancer, and 
that the administration of that secretion 
tends to make the disease much worse. This 
appears to hold for either sex. 

The evidence which has been presented 
concerning the possible participation of 
female sex hormone (the estrogens) in the 
cause of genital.cancer in man and animals 
is supported: by more recent observations 
concerning cancer of the prostate gland. 
The fact should be recalled at the outset 
of a discussion of this topic that shortly 
after the discovery by Doisy of the crystal- 
line compounds responsible for the control 


C. P. Rhoads. ' ^ 


è 
MARCH, *1943 

2I Pia » 
by: the: ovaries of secondary sexual charac- 
teristics, workers of the Swiss school, not- 
ably Reichstein and Butenandt, isolated 
from testicular tissue a sterolic compdund 
called testosterone, with which male chaf- 
acteristics could be produced in castrated 
animals. A comparison of the formula of 
testosterone with those of the estrogenic 
substances reveals a striking similarity. 
Moreover, the fact should be recalled that 
all of the sex hormones so far described are 
chemically extraordinarily like the cancer- 
producing hydrocarbons which have been 
isolated from tar. 

‘The first step in our knowledge of the 
effect of male hormone, testosterone, on 
the activity of the cells of the prostate 
gland came with the observation of Ku- 
tscher and Wolbergs?? that an enzyme cap- 
able of breaking down beta-glycerophos- 
phate at an acid reaction (pH 5) was 
present in adult himan and monkey pro- 
static tissue. The fact had been known for a 
long time that human and animal serum 
contained a phosphatase which was active 
on the alkaline side, but this was the first 
demonstration of an acid phosphatase. 
Alkaline phosphatase had been shown by a 
number of workers to increase in amount 
whenever the process of bone repair was in 
progress, the enzyme being called upon to 
make available phosphate deposition in 
bone structure as calcium phosphate. 
Shortly after Kutscher and Wolbergs"? 
observation on acid phosphatase, Gutman 
and Gutman® took up the study of that 
enzyme and showed that the prostatic 
tissue of infants contained very small 
amounts, but that as adult life was “ap- 
proached the activity of the enzyme in- 
creased. This, of course, provided the sug- 
gestion that the maturity of proséatic tis- 
sue could be correlated with the amount of 
acid phosphatase present in it. Somewhat 
later, Gutman and Gutman" showed that 
the small amounts of acid phosphatase 
present in the prostate glands of immature 
monkeys could be increased regularly by 
the administration of androgenic substance 
(testosterone), but no such effect followed 
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. the administration of estrogenic substance. 


This: observation substantiated previous 
studjes, of which the results indicated. that 


. the immature prostate could be rendered 


ntature by the use of androgens but not by 
the use of estrogens. Indeed, ample evi- 
dence was at hand that female hormone 
could render atrophic the prostate gland of 
animals in which, under the natural andro- 
genic stimulation, it had reached normal 
size. 

The close correlation between tissue acid 
phosphatase content and the amount of 

*mature prostatic epithelium present sug- 
gested that in patients with widely dis- 
seminated prostatic cancer acid phospha- 
tase might be present in the serum. This 
was found to be the case by Gutman and 
Gutman!’ and by Woodard and Higin- 
botham.? Moreover, the amount of met- 
astatic prostatic cancer tissue could be 
correlated closely with the amount of acid 
phosphatase present in the serum. In other 
words, the greater the increase of the en- 
zyme, the greater the metastatic involve- 
ment. The close correlation between acid 
phosphatase levels and the amount of 
prostatic cancer tissue available outside of 
the prostatic capsule suggested promptly 
that the level of acid phosphatase could be 
used as an accurate index of the effect of 
various procedures on the rate of growth 
and extension of prostatic cancer. 

Huggins, in a consideration of methods 
for the treatment of benign prostatic hyper- 
trophy, encountered the papers of White? 
and of Cabot.’ These authors had reported 
many years ago that castration was fol- 
lowgd by a decrease in the size of benign 


‘hypertrophied prostates in human beings. 


The procedure had fallen into disuse, how- 


* ever, andghad been forgotten. Huggins and 


Clark,!® by the use of extraordinarily in- 
genious experimental techniques, reopened 
the subject. In one set of experiments they 
isolated the prostate in dogs from the blad- 
der and set up an arrangement whereby all 
of the prostatic secretion could be collected 
and measured. The rate of secretion pro- 
vided a direct index of the effect of the ad- 
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minis ration of compounds on the secretory 
activity of the canine prostatic tissue. By 
the use of this technique they were able to 
show {that prostatic secretion could be 
maintained in the castrated dog by the 
regular administration of testosterone pro- 
pionate in amounts of 10 mg. daily. If, in 
the face of this constant administration of 
androgenic substance, stilbestrol was given, 
the prostatic secretory activity promptly 
dropped to zero. As the dose of femalé hor- 
mone was decreased the secretory activity 
slowly returned, only to be depressed again 
when ja given level of female hormone was 
exceeded. This experiment, more than any 
other, provided convincing proof that the 
activity of the prostatic epithelium is com- 
pletely under the control of the sterolic sex 
hormones. 

Huggins also found that in the senile dog 
a benign cystic adenomatous hyperplasia 
of the prostate gland was not infrequently 
encountered. Whereas the prostate in the 
young normal dog rarely weighs more than 
10 gm., glands which are the site of senile 
canine adenomatous hyperplasia often 
weigh as much as 5o to 150 gm. This type 
of disorder is not known to occur in any 
other|species than the dog. Huggins as- 
sumed that it is the analogue of benign 
prostatic hypertrophy in man. He then re- 
peated on senile dogs which were the 
subject of such a benign hyperplasia the, 
experiments described on anfmals with ^ 
normal prostates. As was the case with the 
normal gland, the administration of andro- 
gens increased tHe secretion of the hyper- 
trophied organ and estrogen decreasefl the 
rate of cellular activity. Like the effect 
which followed the administration of estro- 
gens, castration decreased secretion and 
was followed by very marked atrophy. 

'The results of these experiments set the | 
stage| for a trial on the cancerous prostate 
of the procedures which appeared, to be 
effective in reducing the size of the benign 
adenomatous organ. As previously men- 
tioned, an index of effect was at hand in the 
levels of the phosphatase in the serum of 
the patient affected with metastatic pro- 
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static cancer. Phosphatase measurements 
could be substituted for the measurements 
of prostatic secretory rate used in the ex 
perimental animal. If the serum levels of 
acid phosphatase increased, an increased 
activity of the metastatic prostatic tissue 
could be assumed. If the serum acid phos- 
phatase level decreased, a decrease in rate 
of growth and activity of the prostatic can- 
cer would be indicated. Similarly, if the 
serum alkaline phosphatase rose, it would 
be a sign of an increased rate of bone repair, 
as opposed to a diminution in repair proc- 
esses if the alkaline enzyme became less. 

Testosterone propionate was then given 
to 3 patients with extensive bone metas- 
tases from prostatic cancer? A prompt rise 
occurred in the serum acid phosphatase in 
all 3 instances. From this observation it 
seemed clear that the disease had been 
made worse by an increase in the amount 
of available androgenic material. Con- 
versely, when the patients were castrated, 
a procedure which supposedly was followed 
by a decrease in the amount of available 
androgens, the acid phosphatase dropped 
and stayed at low levels, whereas the alka- 
line phosphatase increased as an index of 
an increased rate of repair of the bone in- 
vaded by the metastasizing tumor. This 
effect was obtained so regularly that it 
seemed safe to conclude that castration 
resulted in a striking decrease in the activ- 
ity of the"*metastatic prostatic tissue. This 
was associated, moreover, with a marked 
diminution of pain, decrease in size of pri- 
mary and metastatic “lesions, gain in 
appetite and sense of well-being, increase 
in blood levels, gain 1n weight and in some 
instances roentgenographic evidence of 
healing of bone lesions. Moreover, the ad- 
ministration of estrogenic substance effect- 
ing essentially a chemical castration was 
followed by equally good therapeutic re- 
sults. | 

In Huggins’ most recent publication, he 
reports a considerable number of patients 
who, following castration, have remained 
free of disease for over thirty months. 
About 25 per cent of his patients were not 
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benefited, or were better for only a short, 
time. In 5, whereas the primary tumor ap- 

peared to decrease in size, the metagtatic 

lesions grew rapidly and were clearly quite .' ; 
out of control of the hormone effect? At the 

Memorial Hospital, Dean, Twombly and, 
Woodard have examined the results of 
surgical castration in 45 patients and of 
chemical castration by stilbestrol adminis- 
tration In 12 more. Results have been ob- 
tained which parallel closely those reported 
by Huggins, although the patients have 
been followed for a much briefer time. 
Sharp decreases in levels of acid phospha- 
tase, with subsequent increases in levels of 
alkaline phosphatase, have been caused 
quite regularly. In only a small number of 
patients, however, have striking changes 
in the extent of the primary or metastatic 
neoplasms been observed. The systemic 
effects have been quite as dramatic as those 
reported by other observers. At the present 
time, roughly 75 per cent of the patients 
treated are in relatively good condition. 
Twenty-five per cent either have died or 
are the subjects of recurrences. 

On these patients careful determinations 
of the rate of excretion of androgens as 
measured by the output of 17-keto-steroids 
have been made concurrently with meas- 
urements of the output of estrogens by 
the biological assay method. Following 
castration, Dean and Twombly report, 
surprisingly enough, a rise in the output of 
androgens measured as neutral 17-keto- 
steroids (11 out of 17 instances). A similarly 
unexpected finding was a fall in estrogen 
output in almost every case (15 out of 16 
examined). The fall was marked*, and 
averaged more than half of the preopera~ 
tive level (18.8 m.u. to 8.5 m.u.). No expla- 
nation is now at hand which is syfficient tos 
clarify the apparently anomalous result. 
Certainly an increased androgen output 
with a decreased estrogen output would not 
be expected to follow removal of a gland, 


the testicle, supposedly the source only of 


androgenic material. 
Even more striking is the result on the 
rate of hormone excretion which Dean? and 
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his associates have found to follow the 
therapeutic administration of stilbestrol. 
Following the use of this compound, the 
clihical results are quite as good, if not bet- 


„ter, than those which are a sequel to castra- 


tion. After stilbestrol, in the 7 cases exam- 
ined, the output of androgenic substance, 
as indicated by the 17-keto-steroid level, 
fell in every instance. This was in sharp 
contrast to the rise in the same component 
of the urine observed to follow castration. 
Equally anomalous are the findings as con- 
cern the output of pituitary gonadotropie 


hormone in the urine of the treated patients. 


Following castration, the amount of this 


hormone rose in 11 out of 16 instances, a 


. finding which would be expected. After the 


administration of stilbestrol, however, 
there is a tendency to a fall. It is quite ap- 
parent that, chemically, castration is. at- 
tended by quite different sequelae than is 
the administration of stilbestrol. The bio- 
logical effect upon prostatic tissue appears 
to be similar. No adequate explanation of 
this interesting finding is now at hand. It 
can only be assumed that the therapeutic 
value of either procedure depends upon the 
feminization of the patient, and the more 
specific details of this action must await 
further study. 

I have reviewed for you the salient ex- 
perimental and clinical facts which bear at 
the present time on the question of the róle 


`- of sex hormones in the production of cancer 


of the genitalia. It is clear that no etio- 
logical relationship can be clearly estab- 
lshed in man between cancer and these 
important chemicals which we call endo- 


cxine secretions. The fact is equally clear, 


ih my opinion, that sex hormones do have 
some influence on acceleration and retarda- 
tion of the rate of growth of mammary and 
prostatic cancer. Even though we do not 
see, at the moment, the possibility of com- 
pletely curative results to be obtained by 
the induction of a hormone imbalance in 
patients bearing genital cancer, the infor- 
mation which has been developed throtigh 
patient, precise and ingenious animal and 


. human studies has advanced enormously 
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our| knowledge of this difficult, indeed 
terrible, disorder. It is not too much to hope 
ius equally patient and painstaking ad- 
vances in the future will reveal even more 
significant information which will, in time, 
lead us to better understanding of the 
nature of the malignant neoplasm. 
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en advances have recently been 
accomplished in the surgical treatment 
. of neoplasms of the lung and esophagus 
and, at the present time, the treatment of 
early, primary, intrathoracic cancers is 
generally conceded to be surgical. Neverthe- 
less, the majority of patients when. ad- 
mitted to Memorial Hospital are in an in- 
operable state, due either to dissemination 
of their disease, advanced age with general 
debility, or to a serious concomitant medi- 
cal disease which precludes major surgical 
attack. It has been shown that approxi- 
mately 26 per cent of cancers of the lung 
are resectable, and as high as 63 per cent 
of esophageal carcinomata explored have 
been resected. At Memorial Hospital, 26 
patients with cancer of the esophagus have 
been surgically explored and 11 resected, a 
resectability rate of 43 per cent. Of 15 pa- 
tients with carcinoma of the lung explored 
surgically only 3 were resected, a resec- 
tability rate of 20 per cent. 

It is to be expected that the present 
campaign to promote the early diagnosis of 
malignant disease would result in the recog- 
nition of a higher percentage of intratho- 
racic cancers in an operable phase, but it 
must be realized that early symptoms are 
for the most part lacking and when the 
claesical symptoms are present the disease 
is usually quite advanced. Roentgen ther- 
apy offers a logical form of therapy for the 
necessarily large group of inoperable cases. 

It is *lif&cult to obtain adequate tumor 
dosage in intrathoracic cancer by ordinary 
high voltage external roentgen irradiation 
because of the physical and physiological 
factors involved. Increasing the target- 
skin distance and using higher voltage and 
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greater filtration makes it possible to de- 
liver an adequate depth dose with less 
reaction in the intervening tissues and skin. 
The} million volt roentgen-ray apparatus 
which has been in use at Memorial Hospital 
sincé 1939 delivers 52.4 r per minute (in 
air) jat 1,000 kv. and 3 tha. at 7o cm. 
target-skin distance, with a filter of 2 mm. 
mercury, 2 mm. tungsten and 8 mm. cop- 
per, and a half-value layer of 3.8 mm. of 
lead, This set-up enables one to deliver a 
large dose to a deep-seated tumor without 
great permanent damage to the intervening 
structures. Hence, it would seem desirable. 
to employ it in the radiation treatment of 


intrathoracic cancer. 


Now, if one admits that the survival 
rate for cancer of the lung and cancer of 
the esophagus has been almost negligible 
by any form of therapy, it seems worth 
while to evaluate, if possible, the palliative 
effects of radiation therapy in these two 
diseases. It is the purpose of this report to 
study the effect of supervoltage roentgen 
therapy on patients with inoperable cancer 
of the lung and esophagus amd to deter 
mine clinically, as far as possible, whether 
their symptoms have or have not been 
favorably influenced by treatment. 

The small number of patients in this 
series and the limited time during which 
the million volt machine has been available 
for treatment of patients with intrathoracic 
cancer makes it inadvisable to attempt a 
broad evaluation of the possible long-range 
usefulness of this apparatus. It must be 
admitted that the post-irradiation results, 
so far, have not justified the initial enthusi- 
asm engendered by the obvious theoretical 


and physical advantages of this relatively 
| 


* From the Thoracic Surgical Service, Memorial Hospital, New York. Presen ted at the Twenty-seventh Annual Meeting, American 
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Fic. 1. Patient with cancer of the esophagus being treated with the million volt roentgen-ray machine. 
Portals have been outlined and the direction of the beam determined roentgenoscopically. 


new form of radiation. On the other hand, 
certain advantages from a palliative point 
of view are noted, and it has been our aim 
to analyze the available data with a view 
to evaluating this form of therapy. The 
difficulty of impartial interpretation of the 
records is appreciated and a real effort has 
ebeen made to evaluate fairly the patients' 
subjective reaction to supervoltage roent- 
gen treatment. 


TECHNIQU£É 


An'effort was made to insure accurate 
treatment of all patients. Each patient was 
examined under roentgenoscopy in the 
position held during treatment and portals 
were outlined under direct vision (Fig. 1). 
In treating cancer of the lung, an attempt 
was made to center the beam on the pri- 
mary tumor, not on the resultant atelectasis. 
Two portals, each with an average area of 
about 150 square centimeters, one anterior 
and one posterior, were usually employed. 
Most esophageal cancers were treated 
through four portals, each measuring 7 by 


14 cm. A final check was made by exposing 
a roentgen film to the beam from the 1,000 
kv. machine with the patient in position 
for treatment, thus outlining the tissues 
traversed by the direct roentgen-ray beam. 


MATERIAL 


Between August, 1939, and December, 
1940, sixty-three patients with malignant 
intrathoracic disease were treated with the 
1,000 kv. machine. None of these patients 
was considered to be operable at the time, 
but 8 had had previous exploratory tho- 
racotomy. The group consisted of 33 caees 
of cancer of the lung, 21 cases of cancer of 
the esophagus, 3 cases of cancer of the 
lower esophagus and stomach. In addition, 
there was 1 thymoma, 1 advanced malig- 
nant giant cell tumor of the sternum, and 
4 patients with pulmonary metastases. 


: CANCER OF THE LUNG 


Of the 33 cases of pulmonary cancer, 
there were 30 males and 3 females. The 


ages ranged from thirty-four to seventy- 
® 
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four years, the average age at onset |of 
symptoms being 56.8 years. Statistical 
study is limited to the 27 cases with posi- 
tive biopsies (Table 1). 

SS ymptomatology. Symptoms in the order 
of frequency were cough, chest pain, loss 
of weight, hemoptysis and dyspnea. The 
earliest symptom noted most frequently 
was cough. Duration of symptoms before 
beginning therapy averaged 6.4 months 
(one to fourteen months) (Table 11). 

Diagnosis. Twenty-four patients (89 per 
cent) had significant physical signs of pul- 
monary disease. Twenty-seven (100 per 
cent) showed significant pulmonary roent- 


TABLE [ 


CANCER OF LUNG-—-PATHOLOGY 


No. Cases 


Epidermoid carcinoma................ 
Lung carcinoma 0 ove be ceed 
Anaplastic carcinoma................. 
Adenocarcinoma. ............000e eee 


Cad = 
nE E ETA 


gen signs. The diagnosis was corroborated 
by positive tissue analysis by broncho- 
scopic biopsy in 59.3 per cent, by aspiration 
biopsy in 37 per cent, and by open tho- 
racotomy and biopsy in 3.7 per cent. Each 
case in the series reviewed had a positive 
histological diagnosis. 

Treatment. Twenty-seven proved cases 
of carcinoma of the lung were treated. Of 
these, 25 patients completed their outlined 
course of therapy and received a mean 
tumor dose of 4,400 r, varying from 2,200 
to 8,800 r. Two patients were unable to 
complete their outlined treatment and re- 
ceived only negligible tumor doses. Symp- 
tomatic improvement of varying degree 
was’ noted in 22 cases (82 per cent) for an 
average duration of four months following 
treatment. Significant relief was indicated 
by a marked diminution in cough and chest 
pain (Table m1). 

Survival rate of the 23 deceased patients, 
excluding the 2 who received inadequate 


Million Volt Therapy for Intrathoracic Cancer 


301 


TABLE I] 


CANCER OF LUNG—-—-SYMPTOMS 





No. Cases Per Cent 


+ 


Cough cmm 2t 93 
Chest paired mee 22 8I 
Weight loss... ........ LL. 18 . 66 
Hemoptysis ——— Pm 16 60 
Dyspnea —— EEUNA I5 56 


treatment, averaged 7.3 months sirfce be- 
ginning roentgen therapy. Two patients 
with proved carcinoma of the lung are 
stillialive with evidence of residual disease 
twenty-seven and twenty-nine months 
after onset of symptoms, and seventeen 
andinineteen months after beginning roent- 
geni treatment. Unfortunately, almost all 
patients were treated in the Out-Patient 
Department and died at home, so that no 
postmortem examinations were possible in 
this| group. Further analysis shows that a 
tumor dose of between 3,000 and 4,000 r 
produces the maximum palliative effect 
while a heavier dose, between 5,000 and 
7,000 r gives the longest average post- 
treatment survival period. 


| 
CASE REPORT 





Chncer of the Lung. A. I., white male, aged 
sixty-seven, storekeeper, born in Russia, was 
first| seen at Memorial Hospital in July, 1940, 
at which time he complained of a chronic pro- 
ductive cough of seven months’ duration, slighe 
left |chest pain, dyspnea and exertional palpi- 
tation of several weeks’ duration, and hemopty- 
sis on several occasions. 

On physical examination, the patient ap- 
peared fairly well developed and nofrished. 
Chest examination revealed diminished voice 


— Tase III 


CANCER OF LUNG—SYMPTOMATIC IMPROVE- 
MENT FOLLOWING ROENTGEN TREATMENT 








Improvement 
Symptom No. Cases Per Cent 
General condition........ 27 82 
COU n o e pe wid ies 25 64 
Chest pain............-. 22 $9 
Hemoptysis TOT NUR: 16 I9 
Dyspnea bande EE T ET I$ 13 
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Tase IV 
CANCER OF ESOPHAGUS—SYMPTOMS 
No. Cases Per Cent 

Dysphagia............... (21 100 
Weight 1088.5 cem 21 100 
Pan mene OM ES 8 40 
VOMNIUNE a aleccwewes don 6 30 
Hemorrhage.............. I l 5 


and breath sounds and a moderate amount of 
crackling rales at the left lung base. Roentgeno- 
gram of the chest revealed a dense, rounded 
shadow about 19 cm. in diameter in the left 
lower lung field. At bronchoscopy blood was 
noted in the left lower lobe bronchus, but no 
tumor was visualized. Aspiration biopsy of the 
lung mass was reported as “lung carcinoma." 

Surgery was contraindicated because of 
arteriosclerotic heart disease. Roentgen therapy 
was given over a fifty-one day period beginning 
in September, 1940. He received 200 r (in air) 
X22 to each of two portals, a posterior portal 
11.5 by 14 cm. and a lateral oblique circular 
portal 11.5 cm. in diameter. Daily treatments 
were given to alternate portals. The total skin 
dose was 4,480 rX2 and the estimated tumor 
dose was 3,750 r. 

Symptomatic improvement was noted about 
one month after therapy was begun. The cough 
decreased, patient felt stronger and gradually 
gained 20 pounds in weight. Hemoptysis 
ceased. Thirteen months after treatment was 
begun patient felt well but fatigued easily. He 
gad no cough, no hemoptysis and no chest pain. 
Physical examination did not change materially. 
Ráles and dullness persisted at the left lung 
base. Check-up roentgenograms revealed mod- 
erate radiation fibrosis and a diminution of the 
mass i the left lower lung to about 4 cm. in 
diameter. However, a later roentgenogram 
showed slight progression of the mass. 

During November, 1941, the patient had 
several small hemoptyses and his cough again 
became troublesome. Another aspiration biopsy 
in December, 1941, was negative for tumor 
cells. Nevertheless, further therapy was deemed 
advisable and he received a second series of 
roentgen treatments for a total skin dose of 
1,320 rX2 and an estimated tumor dose of 
1,300 r. The factors were: 300 r (in air) X4 to 
each of two portals, a lateral circular portal 11.5 
cm. in diameter and a posterior portal 11.5 by 
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14 cm. Daily treatments were given to alternate 
portals, s 

The patient had received a primary tumor 
dose of 3,750 r supplemented thirteen months L 
later by a tumor dose of 1,300 r. In total*he re- 
ceived an estimated tumor dose of 5,050 r. 'T his 
therapy was well tolerated by the skin. 

One month following therapy, January, 1942, 
hemoptysis had ceased, cough was minimal, 
but the mass was essentially unchanged at 
roentgenoscopy. In March, 1942, twenty-seven 
months since onset of symptoms and nineteen 
months after beginning roentgen therapy, the 
subjective and objective signs were essentially 
unchanged. 


CANCER OF ESOPHAGUS 


Of 21 cases of squamous or epidermoid 
carcinoma of the esophagus, 20 were male 
and 1 female, a somewhat higher propor- 
tion of males than is usually found. The 
age on admission to the hospital varied. 
from forty-six to seventy-five years and 
averaged 59.8. 

Duration of symptoms before beginning 
roentgen therapy averaged 4.5 months (one 
to thirteen months). Dysphagia and weight 
loss were present in all patients at onset of 
therapy (Table 1v). 

Diagnosis. Physical signs were unsatis- 
factory. There was evidence of extreme 
weight loss in 17 patients (81 per cent). 
Enlarged involved lymph nodes were noted 
in 4 patients, and nodular enlargement of 
the liver was present in 5 patients. The 
diagnosis was corroborated by positive 
tissue analysis in all 21 cases by esophago- 
scopic biopsy. Roentgen studies were sig- 
nificant in 18 cases (86 per cent). All the 
esophageal lesions were intrathoracic; thtre 


TABLE V 


CANCER OF ESOPHAGUS—SYMPTOMATIC IMPROVEMENT 
FOLLOWING ROENTGEN TREATMENT 


Improveneent 
Symptom No. Cases Per Cent 
General condition....... 20 PR 
Dysphagia............. 20 45 
ivi MP 8 oF 
Hemorrhage............ I IOO 
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were no cervical cases in the series under 
discussion. | 
Treatment. Twenty proved cases of eso- 


i “phageal cancer were treated with the 1,000 


kv. machine. Nineteen of these completed 
their outlined course of therapy and re- 
ceived a mean tumor dose of 4,300 r, vary- 
ing from 1,200 to 8,100 r. One patient 
received a tumor dose of only 950 r; another 
patient of the original series died before any 
therapy was begun. In 12 patients dys- 
phagia was so advanced that gastrostomies 
were necessary for feeding purposes before 
roentgen therapy was instituted. 

Symptomatic improvement was noted in 
II patients (55 per cent) for an average 
duration of five months following therapy 
(Table v). 

Survival rate of the 18 deceased patients, 
excluding 1 patient who received a tumor 
dose of only 950 r, averaged 4.4 months 
since beginning roentgen therapy. One pa- 
tient is well, without evidence of residual 
or recurrent disease, more than thirty 
months since beginning roentgen therapy. 


CASE REPORTS 


Cancer of the Esophagus. E. F., white male, 
aged sixty-seven, Irish truck driver, was first 
seen at Memorial Hospital in October, 1939, 
at which time he complained of progressive 
dysphagia of six months’ duration. He had lost 
I4 pounds in weight and had been able to swal- 
low only liquids for the last two months. 

Physical examination was essentially nega- 
tive. Roentgenographic studies revealed a con- 
striction in the lower third of the esophagus. At 
esophagoscopy a cauliflower-like mass was 
nofed at a distance of 31 cm. from the alveolar 
margin. A biopsy was taken and reported as 
epidermoid carcinoma, Grade 2. 

A Janeway type gastrostomy was performed 
Novemher 15, 1939, under local infiltration 
anesthesia, and feedings were instituted. Surgi- 
cal removal of the esophagus was suggested but 
was'refused by the patient who appeared to 
be in good general condition. Million volt 
roentgen therapy was given during a treatment 
period of fifty-six days. The skin portals wete 
outlined and direction of the roentgen-ray beam 
determined. under roentgenoscopy. Later, dur- 


ing.therapy, these portals were checked by a 
e 
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roentgen-ray plate exposed to the therapy unit 
with the proper diaphragm in position. The 
patient received 250 r (in air) XI2 to each of 
four, portals, each measuring 14 by 7 cm. with 
its long axis vertical. Daily treatments were 
given to alternate portals. The total skin dose 


.Wàs|3,300 t X4, and the estimated tumor dose 


was |4,800 t. 

During roentgen therapy the dysphagia be- 
gan to diminish and in September, 1940, eight 
months after completion of treatment, the pa- 
tient was swallowing all foods without difficulty. 
Immediately after completion of roentgen 
therapy, the skin portals were moderately 
erythematous, but this gradually subsided and 
when the patient was last seen in April, 1942, 
no |definite skin reaction was noticeable. 
Esophagoscopic examination during the late 
stages of roentgen therapy showed definite re- 
gression of the tumor mass and sharp reaction 
of the mucous membrane. The last esophagos- 
copy, November, 1941, showed some fixation 
of the lower third of the esophagus, granular 
mucous membrane, but no definite evidence of 
recurrence. 

Roentgenographic studies three months after 
completion of therapy revealed moderate pul- 
monary fibrosis. The patient had had transient 
dyspnea for several weeks about three months 
after treatment. Át present, he has no pul- 
monary symptoms. 

At the present time, June, 1942, twenty-nine 
months after completion of therapy, the pa- 
tient is well and has had no supplementary 
roentgen irradiation. His gastrostomy 1s still 
present, but is not used. This patient has n 
complaints; he is able to swallow all foods and 
has gained about 20 pounds in weight. 





e 
G. H., male, aged sixty-two, broker, was 
firsti seen at Memorial Hospital in August, 
1940, at which time he complained of hoarse- 
ness) dysphagia and headache of three weeks' 

duration. He had lost 10 pounds in weight. 

Physical examination revealed evidence of 
moderate weight loss. Multiple firm skin nod- 
ules| were noted. Microscopic examination of 
one| of these nodules revealed metastatic 
squamous carcinoma. Roentgenographic stud- 
ies revealed evidence of a filling defect in the 
midiesophagus. Esophagoscopic examination 
revealed an easily bleeding mess in the mid- 
esophagus. Tissue analysis was reported as epi- 

dermoid carcinoma. 
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During a treatment period of one month this 
patient received 300 r (in air) X7 to each of four 
16 by 8 cm. chest portals. In addition, an upper 
mid-abdominal portal of 14 by 14 cm. received 
200 rX4. Estimated tumor dose was 4,050 r. 
Patient did not improve and died nine days 
after completing roentgen therapy. 


Postmortem examination revealed multiple 


metastases to liver, right adrenal gland, lung, 
regional nodes, bones, skull and dura mater, and 
skin. Also, terminal pneumonia, acute negative 
endocarditis and emaciation. There was moder- 
ate erythema of the skin portals. The primary 
tumor site and adjacent lung and skin showed 
marked radiation reaction, and approached 
sterility. There was no gross effect of irradiation 
on other mediastinal structures adjacent to the 
primary tumor. 


LUNG METASTASES 


Several patients with pulmonary metas- 
tases have had million volt roentgen ther- 
apy with significant resulting palliation. 
Included among them were one patient with 
metastases from an adenocarcinoma of the 
rectum, another with metastases from a 
melanoma of the palate, a third with 
metastases from a granulosa cell carcinoma 
of the ovary, and a fourth with metastases 
from renal carcinoma. 


CASE REPORT 


M. M., female, white, single, aged thirty-two, 
of Scotch parentage, housekeeper, underwent 
an abdominoperineal resection for adenocarci- 
noma of the réctum in 1932. She had had pre- 
operative roentgen irradiation of 1,350 r to 
each of four pelvic portals. . 

The patient was followed ateregular intervals 
in the gOut-Patient Department. Her post- 
NORMA course was uneventful until 1939 
when she complained of a chronic, dry cough 
and occasional wheezing respirations. Physical 
examination at this time revealed a functioning 
colostomy, but showed no signs of pulmonary 
pathology. The pulmonary symptoms con- 
tinued and a small hemoptysis ` "occurred. 
Roentgenographic examination of the chest 
November, 1939, revealed an irregular mass in 
the left hilum. Bronchography showed incom- 
plete filling of the anterior left lateral bronchus. 
At bronchoscopy a friable tumor mass was 
noted in the left lower secondary bronchus. A 
biopsy was obtained and reported as metastatic 
rectal adenocarcinoma, Grade 2. 
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Million volt roentgen therapy was begun in 
December, 1939, and completed during a fifty- 
five day period. The patient received 150 r fin 
air) X24 to each of two portals, 8 cm. in dian Gupte 
ter, over the anterior and posterior aspects of 
the left side of the chest. Daily treatments were ` 
given to alternate portals. The total skin dose 
was 3,800 rX2 and the estimated tumor dose 
was 3,500 r. 

Bronchoscopy during treatment revealed 
marked regression. Following therapy the cough 
and hemoptysis ceased. However, two months 
later the cough recurred and the patient de- 
veloped pain in the left side of the chest. Bron- 
choscopy revealed another lesion approxi- 
mately 1.5 cm. in diameter on the posterior wall 
of the left main bronchus. A biopsy was re- 
ported as metastatic carcinoma. 

A second cycle of roentgen irradiation was 
given three months later during a period of 
twenty-two days. The patient received 200 r 
(in air) X 10 to each of two portals, 11.5 cm. in 
diameter, anteriorly and posteriorly over the 
left chest wall. Daily treatments were given to 
alternate portals. The total skin dose was 2,200 
rX2 and the estimated tumor dose was 1,950 r. 

Cough diminished markedly and the patient 
felt much improved following the second series 
of treatment. Skin portals showed only a 
moderate erythema despite a total dose of 6,000 
r to each portal. The left lower lobe was atelec- 
tatic and the mediastinum had shifted to the 
left. During the next few months the patient 
felt fairly well, gained several pounds in weight, 
but later had several small hemoptyses. 

In October, 1940, roentgenographic examina- 
tion revealed an atelectatic left lower lobe and 
a left hilar mass. At bronchoscopy a large 
friable mass was noted in the left main bronchus 
and a biopsy again was positive. 

In late October and November, 1940, patient 
received additional roentgen irradiation; 300er 
(in air) X13 was delivered to one left oblique 
chest portal measuring 15 by xo cm. She re- 
ceived one treatment daily for a total skin dose 
of 4,350 r and an estimated tumor dose of 2,150 
r. Her symptoms decreased sufficiently for her 
to continue her usual work as a housekeefer. 
She felt well and gained weight. < 

The cumulative total estimated tumor dose 
was 7,600 r delivered in three courses over a 
period of eleven months from December, 1939, 
to November, 1940. 

The patient had no significant pulmonary 
symptoms. Howe?er, at bronchoscopy Decem- 
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ber, 1941, a viable tumor was noted in the left 
bronchus. In January, 1942, roentgenographic 
evidence of bone metastases to the lumbar spine 
Bugs*present, and in February, 1942, further 
bone fesions appeared. Until February, 1942, 
with the aid of million volt roentgen therapy, 
this patient had been enabled to lead a useful 
and fairly comfortable life for a period of two 
years and ten months following symptoms of 
pulmonary metastases. 


SUMMARY 


Sixty-three patients with deep-seated 
intrathoracic cancer were treated at Mem- 
orial Hospital during 1940 with the million 
volt roentgen-ray machine. 

2. Eighty-two per cent of the patients 
with cancer of the lung showed sympto- 
matic improvement for an average dura- 
tion of four months following treatment. 

Fifty-five per cent of the patients with 
cancer of the esophagus showed sympto- 
matic improvement for an average duration 
of five months following treatment. How- 
ever, previously performed gastrostomies 
add to the difficulty of fairly judging the 
true roentgen irradiation effect. 


CONCLUSION 


It seems safe to draw a general conclu- 
sion that supervoltage roentgen therapy 
will play a definite róle in the palliative 
care of patients with cancer in the thoracic 
cage, but so far this study does not lend 
encouragement to the hope that million 
volt roentgen therapy may lead to a high 
percentage of five year survivals. 
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DISCUSSION 
Dr. Joux E. WinTrH, Baltimore, Md. I 


should like to congratulate the authors on the 
handling of a subject which I think is probably 
one of the most difficult we face today. I think 
they are to be congratulated for going ahead 
with this work when the prospects are so dark. 
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It is work that has to be done, work that should 
be done. Progress can be made and that prog- 
ress 1s only going to be made by those institu- 
tions which have supervoltage therapy avail- 
able and are willing to go ahead with the work 
and see what results can be obtained. 

I agree with the general premise that all 
operable cases should be operated upon. One 
doesn’t see many papers regarding operations 
on lung and esophagus, but they are being done 
more and more and in the next few years I 
think You are going to see a great number of 
papers on the subject. It is an expanding field. 
It also is a field in which there is a great deal of 
progress to be made. 

The authors sfate that it is difficult to obtain 
an adequate tumor dosage in intrathoracic can- 
cer by ordinary high voltage external irradia- 
tion because of the physical and physiological 
factors involved. Time undoubtedly precluded 
the possibility of going into these two factors to 
any great length so that I should like, if pos- 
sible, to emphasize the second of these factors; 
that is, physiological factors. 

A tremendous field is covered in the words 
"physiological factors." These not only play a 
part in ordinary high voltage roentgen therapy 
but also limit to a great extent adequate dosage 
with supervoltage roentgen therapy. 

I would like to emphasize, as did the authors, 
the correct localization of the lesion. So many 
bad results, or lack of any results at all, I be- 
lieve, are due to the fact that the treatment is 
not actually getting to the lesion. I think that 
perhaps intrathoracic lesions are the most dif- 
icult of all in which to accurately direct the 
therapy to thé desired place. 

Very recently we had a beautiful example of 
this difficulty. We had operated on a patient 
who had a low esophageal lefion. A steel clip 
was placed just below the diaphragm, so that 
we knew the exact location of the lower end 
of the esophagus. Two of us separately outlined 
the skin portals that we thought should be 
treated and then subsequently checked this 
with roentgenograms to show the clip in rela- 
tion to the outlined portals. One of us missed 
centering the clip by 2 inches in one direction 
and the other missed by 2 inches in another 
direction. 

I believe the authors should be complimented 
on the extensive number of biopsies they have 
obtained in their series of lung cases. I feel it is 
very important to have biopsies on all of these 
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lung lesions; otherwise, our end-results are 

e , 3 : 
going to be of no value whatever in terms cf 
palliation or cure. It is entirely too easy to 


confuse intrathoracic lesions such as lymphge © 


mas, primary tumors of the lung, and even 
nerve tumors within the pleural cavity. 

If the bronchoscopic biopsy is not positive, 
I agree with the authors, by all means try an 
aspiration biopsy. I do not wish to bring up the 
subject of the advantages or disadvantages of 
aspiration biopsy but certainly in lung tumors 
it is of decided advantage to be sure that you 
are dealing with a neoplastic process. In many 
instances it is possible to distinguish a primary 
tumor of the lung from a lymphoma by aspira- 
tion biopsy. 

It is interesting to note that the patients re- 
ceiving the larger amounts of treatment gave 
the longest average post-treatment survival 
periods while doses of 3,000 to 4,000 r produced 
the maximum palliative effect. Perhaps the 
authors wish us to bear that in mind so that if 
we have a patient on whom we feel we wish the 
most palliation, perhaps we had better not go 
too high, whereas if we wish longevity we had 
better go to very high dosages. I don't know 
whether they had this idea in mind, but they 
certainly suggest it. 

Previous gastrostomies add to the difficulty 
of fairly judging the true roentgen irradiation 
effects. It is very hard to judge the effects of 
irradiation on. esophageal lesions if there is a 
coincident gastrostomy. 

On the whole, no new or startling results have 
been produced by this series but it is encourag- 
ing,—it is something that makes us wish for 
more, makes us all wish that more could be 
done with these cases. No one can get away 
from that point of view if he has seen very many 
esophageal and primary lung tumors. The 
utter hopelessness of most situations when they 
are inoperable, and the desire to alleviate the 
suffering of these patients, we all appreciate. ° 

I do not believe roentgen irradiation is going 
to be the final answer, but I think its use should 
be continued; supervoltage roentgen %herapy 
should be continued for there is a great deal of 
progress to be made. ° 


Dr. Ursan (closing). I wish to thank Dr. 
Wirth for his excellent and thorough discussion, 
with which I agree. At the present time, further 
analyses of million volt roentgen therapy results 
are being conducted at Memorial Hospital. 
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POST-IRRADIATION STRICTURE OF RECTUM 
AND SIGMOID FOLLOWING TREATMENT 


' FOR CERVICAL CANCER 


By PALMER E. WIGBY, M.D., F.A.C.R.* 


HOUSTON, TEXAS 


TTENTION has been called in a 

number of reports in the literature 
during the past ten or twelve years to the 
reaction of the bowel to high voltage roent- 
gen and radium irradiation for cancer with- 
in the pelvis. The clinical picture and histo- 
genesis of the bowel lesions, which occur 
chiefly within the rectum and sigmoid, are 
fairly generally recognized and under- 
stood. The limits of tolerance of the bowel 
to irradiation from which it will satisfac- 
torily recover are not well defined, and very 
little work has been reported, to my knowl- 
edge, to determine how much irradiation 
the bowel can actually tolerate without 
permanent injury. It is not the purpose of 
this paper to attempt to define those limits 
because of the magnitude of the problems 
involved. It did occur to me, however, that 
some useful information might be gained 
by summarizing a series of cases in which 
the dosage was maximum and a relatively 
high percentage of bowel reactions oc- 
curred. 

There are few reports in the radiological 
literature on the subject of post-irradiation 
proctitis and sigmoiditis. Some have ap- 
peared in other literature, chiefly surgi- 
cal.!.2.3 Corscadan, Kasabach and Lenz? in- 
cluded several cases of ulceration of rectum 
and sigmoid in their paper on intestinal 
injuries after radiation treatment, with one 
case well six vears after colostomy, and one 
two vears. They state the injuries appar- 
ently ceased following reduction in daily 
dose and size of fields for the roentgen 
treatment, and prolongation of the radium 
application. Buie and Malmgren, on the 
other hand, reported rectal reaction fol- 
lowing the use of 800 mg-hr. of radium «n 
the uterus for fibromyomata. The filtration 


used is not mentioned. That individual 
susceptibility exists there can be little 
doubt. The “no reaction” cases tabulated 
in Table i11 suggest this rather strongly. A 
real challenge to the medical profession 
and its allied sciences lies in finding a reason 
for this variation. The answer should come 
from investigation within the field of radio- 
biology. 

Severe irradiation reaction of the intes- 
tinal tract, chiefly within the sigmoid and 
rectum, occurred in at least 24 of the 100 
cases on which this paper is based. Idio- 
syncrasy of the tissues to irradiation may 
have been present in many of these pa- 
tients, although it is my opinion that large 
dosage was probably responsible for many 
of the reactions. Roentgen dosage has been 
reduced in our clinic but the cure rate will 
also probably decline. Colostomy was nec- 
essary to relieve critical symptoms of lower 
bowel injury in 6 of the 100 cases. Three 
others developed intractable diarrhea and 
died; 1, having ileosigmoidal fistula, died 
in the hospital, and the other 2 at home, 
declining further medical care. In spite of 
improved methods of treatment, cases of 
this type occur unexpectedly during and 
after treatment and may prove to be of 
more immediate consequence than the in1- 
tial lesion for which treatment wa$ insti- 
tuted. 

The general profession should be warned 
not to regard these complications as repre- 
senting hopeless recurrence. Therefore, any 
physician seeing a patient with intestinal 
symptoms, especially if they suggest ob- 
struction several months or even years after 
radiation treatment for any pelvic condi- 
tion, should submit the patient to careful 
examination, which should include a com- 


* Formerly, Director of Radiology, Parkland Hospital, Dallas, Texas. 
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Fic. 1. Case 71. White, aged 34, para r1, clinical Group 11. Squamous cell carcinoma cervix Grade 3. External 
roentgen therapy between July 15, 1940 and August 21, 1940, 7,950 r—medium Thoraeus filter, intensity 
25 r per minute. During same period for fourteen days, 360 r delivered daily through 4 cm. intravaginal 
cone, total 5,040 r. Factors for latter were 200 kv. (peak), 18 ma., 45 cm. distance and 0.25 mm. copper and 
o.5 mm. aluminum. Intensity 72 r per minute. Mild bloody diarrhea began twelfth treatment day. Starch 
enemas and olive oil instillations. No radium treatment. Cervix appeared normal at time of complete 
hysterectomy October 7, 1940 (only case in series receiving this). Occasional small clots per rectum since. 
A, August 22, 1940, persistent narrowing proximal sigmoid. B, September 2, 1940, definite improvement. 


C, January 14, 1941, no abnormal change. 


plete historv, roentgenologic studies of the 
colon, and sigmoidoscopic examination, and 
if 1n doubt a biopsy should be taken. The 
diagnosis of benign irradiation stricture can 
readily be made by such means and a colos- 
tomy or resection of the stricture or a 
combination of the two procedures may re- 
store the patient to essentiallv normal 
health. With newer plastic devices* (Fig. 4) 
for covering the colostomv, and with 
proper attention to diet, the colostomv 
self, even ifeit should become permanent, 
does not present the difficult or unhappy 
aspects that 1t did in former vears. Three 
patients who have had colostomies from 
eleven gto eighteen months live an essen- 
tially normal life. 

The bowel complications in this series of 


* Designed by Dr. Tom E. Smith, proctologist, Dallas, Texas. 


TABLE I 


cases are tabulated in Table 1. The intes- 
tinal reactions are divided into four groups. 
Those with no reaction; those with onlv 
diarrhea (first degree reaction); those pass- 
ing blood with frequent loose stools (second 
degree reaction); those developing stricture 
necessitating colostomy (third degree re- 
action). 

First degree reactions show hyperemia 
(often telangiectases) and bullous edema by 
proctoscopy, and it may be presumed the 
same type of reactions can occur anywhere 
in the intestinal tract included in the por- 
tals of treatment. This reaction usually 
begins during the third week of roentgen 
treatment, although it may occur months 
to years after completion of the irradiatien. 
No particular treatment is necessary for 
this reaction, particularly if mild. Paregoric 
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with or without bismuth was often pre- 
scribed if diarrhea became excessive. We 
now omit bismuth entirely during treat- 
huert because of the possible enhancing 
elfecf the secondary beta radiation from the 
bismuth may have on the intestinal reac- 
tion. 

Second degree reactions are those in which 
ulceration with many bleeding points is 
seen, plus hyperemia and bullous edema. 
Rectal pain is a fairly common subjective 
symptom in this group. A bearing-down 
pain is often described late in the course of 
the reaction, indicating fibrosis. The ulcera- 
tion may be in the form of fairly typical 
punched- out single round ulcer or in irregu- 
lar single or multiple ulcers of a “beefy” 
red appearance. Temporary stricture (Fig. 
1), usually of short duration, may occur in 
this group. The late reactions will usually 
be accompanied by bleeding either in small 
or large old clots to fresh gross hemorrhage. 
This gives the appearance of "factitial 
proctitis?” described by Buie and Malm- 
gren. This reaction occurred in 24 of 77 
cases in this series in which bowel reactions 
were described and in which six months had 
elapsed since treatment. Cathie* reported 
ulceration as high up as the duodenum 
which was well removed from field of irra- 
diation, although consideration of such 1n- 
testinal complication is outside the scope 
of this paper and was not encountered in 
any of our cases. The treatment for the 
second degree reaction consisted of starch 
or warm saline enemas after bowel move- 
ments, followed bv instillation of 4 to 6 
ounces of warm olive oil to be retained as 
lofig as possible. 

Third degree reactions are those which 
progress to fibrosis of one or more of the 
intestinal coats with or without extrinsic 
fibrosis. Whatever degree of fibrous stric- 
ture results, it will be permanent, except 
for the dilatation which may be accom- 
plished by the fecal stream or artificially 
by bougie. Extreme fibrosis of the posterior 
half of the pelvis is encountered in a fair 
percentage of treated cases. It is in those 
cases not showing extrinsic fibrosis of the 
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E113. 
clinical 
cervix Grade 3. 
oophorectomy, 1928. Ileosigmoidal fistula at arrow. 
Previously administered bismuth is seen in cecum 


Case 77. Colored, aged forty-three, para 11, 
Group iva. Squamous cell carcinoma 
Bilateral salpingectomy and 


and ascending colon. Anteroposterior caliper 20 
cm. External roentgen therapy 8,150 r, four por- 
tals October 1, 1940 to Novembeg 4, 1940. Intrae 
vaginal cone, 4 cm. portal, 5,148 r betw een October 
1§, 1940 and October 29, 1940. Intra-uterine and 
vaginal radium, 6 sources, 4,686 mg- -hr. November 
30, 1940 to De&ember 7, 1940. Diarrhea but no 
blood third week. Controlled. Obstructige symp- 
toms during January, 1941. Laparotomy * January 
30, 1941. Death February 5, 1941. No autopsy. 
No evidence of neoplasm in biopsy specimen from 
site of fistula (Fig. 3). 


sigmoid in which resection may be con- 
sidered. The cases reported by Todd! were 
divided into extrinsic and intrinsic reac- 
tions, and successful resection of the stric- 
ture of the sigmoid with end-to-end anas- 
tomosis was accomplished in several cases 
of the intrinsic variety. This procedure 
appears feasible in one case under observa- 
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Fic. 3. Case 77. Photomicrograph (X10). Specimen 
taken from sigmoid at site of ileosigmoidal fistula. 
A, border of infarcted area which is ulcerating; 
B, early infarctien of muscular layers; C, thickened 
fibrous subserosa. No evidence of neoplasm. 


tion here at the present time. Devine's 
colostomy was performed March 5, 1941, 
and at preliminary exploration it was found 
that the sigmoid was fairly mobile. Resec- 
tion will probably be carried out later. 
Small bowel obstruction was not encoun- 
tered in any of the cases in this series. The 
patient in whom ileosigmoidal fistula (Fig. 
2) developed had extensive localized injury 
of the ileum at the site of the fistula. Figure 
3 shows the microscopic evidence of necro- 
sis In such an area. It has been stated that 
previous laparotomy may predispose to 
small bowel injury with later obstruction.2 
This is certainly plausible but did not have 
significant relationship in our series. Twenty 
Patients in the entire series had laparotomy 
prior to the’ institution of treatment and 
they were divided among the four reaction 


groups as shown in Table rr. 
e 
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Sigmoidal stricture necessitating colos- 
tomy occurred § times in 100 consecutive 
cases receiving roentgen and radium treat- 


ment for cancer of the cervix between * tdas 


early part of 1937 and October, 1940. It is 
unlikely that more of these cases will 
eventually require operative treatment for 
obstruction, since the majority of such le- 
sions occur between six and eight months 





FiG. 4. Case 29. Non-irritating plastic device used 
over proximal loop of colostomy. Short tight plug 
inserts into bowel opening with surrounding collar 
which prevents leakage. This shows usual site of 
Devine colostomy. 


following completion of treatment.! How- 
ever, obstruction has been reported? as oc- 
curring as long as eight vears after treat- 
ment. This question concerning our series 
of cases will be answered definitely at some 
future time inasmuch as we are maintaining 
a close follow-up on each patient. 
Colostomy for severe proctitis was neces- 
sary in one instance, and since operation 
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the proctitis has resulted in about 50 per 
cent narrowing at the rectosigmoid. If there 
is no increase in the stricture during the 
aliext.ó months, the colostomy will be closed 
as it is*known that the fecal stream will en- 
large the lumen to some extent and accom- 
modate itself to some degree of narrowing. 
This patient (V. F., Case 44, Table 111) had 
clinical Group 3 carcinoma of the cervix, 
for which treatment was completed in Au- 
gust, 1939. The patient had diarrhea be- 
ginning shortly after with remissions and 
exacerbations until colostomy in April, 
.1940. She had a second degree reaction 
which produced bleeding onlv occasionally. 
She has had short periods of diarrhea from 
the colostomy, usually following dietary in- 
discretion. The patient is otherwise in good 
health. 
TREATMENT TECHNIQUE 

The general plan of treatment included 
an external series of high voltage roentgen 
irradiation to the pelvis followed immedi- 
ately by intracervical, uterine and intra- 
vaginal radium applications. Roentgen 
therapy was delivered by a 200 kv. (peak) 
constant potential apparatus operated at 
18 ma. of current and 52 cm. focal skin dis- 
tance. The filters used varied from 0.75 
mm. copper to medium Thoraeus. The half- 
value layers for 0.5 mm. and 2 mm. MS 
for the above factors are 1.18 mm. and 2 
mm. copper respectively. Radiation was 
delivered through the usual two anterior 
and two posterior portals; in obese women 
two lateral portals were added. The portals 
were 15 by 15 cm. in size for the first 62 
casés and 10 by 15 cm. for the remainder. 
. The beam was tilted about 10 degrees to- 
ward the midline. Treatment was given 
» daily except Sunday and the daily dose 
varied from 200 r to one portal to 250 r to 
each of two portals. Most cases are started 
now “on 100 r to each of two portals and 
after completion of one pelvic cycle, in- 
creased to 150 r to each portal, and thus 
increasing at the rate of £o r per portal per 
cycle until a maximum of 250 r per portal 
is reached. All measurements were made 
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with a Victoreen condenser tvpe r-meter, 
which was recalibrated by the manufac- 
turer everv six months and checked with 
other instruments. The intensity for all 
techniques used was measured in air. Al- 
ternate portals were treated on successive 
davs so that each portal received the same 
total dose. The latter varied with the an- 
teroposterior caliper measurement and an 
effort was made to deliver § to 6 threshold 
erythema doses to each Md regione The 
largest total dose to an external portal was 
3,000 r when four portals were used and 
2,000 r when six portals of entry were used. 
The external series was tompleted in 
twenty-five to thirty-five days. There was 
no significant permanent damage to the 
skin in any case. Some induration resulted 
in a few cases, such as is seen in Figure 7. 
Since January, 1940, we have added in- 
travaginal roentgen irradiation through an 
Odmann cone whenever the lesion was pri- 
marily of an exophytic type and small 
enough to be completely included in the 
field of irradiation and if the configuration 
of the vagina adapted itself to easy inser- 
tion of the cone. Only two cone sizes, 3 cm. 
and 4 cm. in diameter, were used. “The 
physical factors for this irradiation were 
200 kv. (peak), 18 ma., 45 cm. distance and 
0.25 mm. copper and o.5 mm. aluminum 
external filtration. The inherent filtration 
of the tube is equal to 0.25 mm. copper. 
For the first few cases 200 kv. < peak) and 
o.5 mm. copper were used, but it was felt 
that the doses delivered to the rectum and 
sigmoid were tooegreat. The daily dose was 
usually 450 r until a total of 5,000 g was 
administered. This radiation was given 
concurrently with the external series. 
Multiple source radium technique was 
used in every instance. The cervix was di- 
lated under anesthesia and four-chambered 
tandem silver capsule, with a wall thickness 
of 1.6 mm., was inserted into the uterus 
and cervical canal. Each of the two distal 
chambers resting in the fundus contained 
19.8 mg. (6—3.3 mg. cells), and each of the 
two proximal chambers in the cervical 
canal contained 26.4 mg. (8-3.3 mg. cells). 
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Tague III 
DOSAGES AND REACTIONS i 
—— - o - — — f 
Case Ro. Radium Re- Case u^ Radium Re- Case Mo Radium SN p. 
No. (rj ý (mg-hr.) action No. "a (mg-hr.) action No. rc) (mg-hr.? action 
E e 
I Outside 4,710 No 33 11,489 Pe eK I 60 13,294* 5,064 2 
2 Outside 2,640 I ja 18,110" — €. (133 I 6i 16,907" 4,560 2 
3 10,584 5,575 No 5,040] 4.9501 
4 11,842* 4,147 No se 43,169 £,630 No b$ 32,12" O No > 
5 o 4,848 $,376 35 11,7530 à. 190 No 4,8241 
6 8,073 5,010 No 35 5 um O No 63 8 , 600 O No 
7 6,403 5,456 No 430 12,994 EXE: No 64 8,656 4,422 2 
8 2,598 7,200 No 39 13,671 5,659 2 65 8,224 2,000 | 
9 4,000 4,300 No 40 16,692* 5,604 2 $,040] Stump 
IO 18,403* èe o No 41 9,996 2,956 I 66 8 , 100 O No 
II 12,400 4,960 No 42 11,084 8,302 2 5,0401 
12 8,280 4,92 No 435 142,274 6,392 I 67 3,850 6,013 2 
13 9,418 2.602 No 44 10,846 5,659 2 68 18,490*  2,go1 1 
Stump 45 14,948 4,175 | 5,040] 
I4 10,580 O No 46 9,894 5,392 s 69 9,500 4,612 l 
15 9,744 4,977 No 47 12,274 5,43! 3 70 9,600 4,920 No 
16 17,696* 4,620 No 45 12,240 $,659 2 5,616] 
7 | 7,590 O No 4j — 9,022 4,435 2 71 7,950 O 2 
18 9,564 4,777 So 12,750" 5,333 I 5,040 
19 6,490 3,811 No st 10,064 4,643 2 p 9,450 5 ,O70 2 
20 8,058 4,826 No 52 7,956 3,925 No $,0401 
21 11,289 4,901 I $3 10,024 §,943 No wk} 8,000 4,884 2 
$5 £,261 3,600 No $4 7,565 5,091 2 5,040T 
23 11,942  $,405 2 4,813T 74 9,100 4,771 3 
24 16,648* 5,618 | 66 8,228 4,620 2 § ,O40T 
25 9,267 4,663 No 5 ,o00f 75 6,120 3,564 | 
26 8,036 £.159 No 56 8,704 O l 76 8,000 2,338 I 
d 8,269 3,947 I sy 59,994" 4,510 1 3,6001 
28 8,250 5,181 No 5,250] 77 8,150 4,686 3 
29 11,481 5,808 3 58 9,464 O No z. tah 
30 2,230 3,059 No 1 ,040T 
“ts is E999 I $9 8,160 4,158 I 
32 20,019* 4,887 3 5,0001 


| 








* Two external series. 
T Intravaginal cone. 


e 

Each cell is 1 cm. in length and has a wall 
thickness of o.2 mm. platinum, providing in 
addition to the capsule a total filtration 
equivalent to 1 mm. platinum. The capsule 
was placed in a rubber sac 2 mm. in thick- 
ness. The dose thus given was approxi- 
mately 3,000 mg-hr. In the last 8 cases a 
capsule of 2.6 mm. silver wall thickness was 
used. Hereafter a silver capsule providing 
total filtration equivalent to 0.5 mm. of 
platinum will be used. 

Within a few davs after removal of the 
intra-uterine applicator a London or Kap- 





lan colpostat or single rubber cylinder was 
introduced into the vaginal forniceg. In 
many cases the vagina was so contracted 


that the cylinders rested against the cervix.” 


The filtration was the same as for the intra- 


uterine application except that she rubber’ 


cylinders have a wall thickness of 1 cm. 
The vagina was packed tightly withegauze 
in order to hold the applicators in position 
and maintain as much distance between the 
ebladder and rectal walls and the radium 
sources as possible. The gauze was well 
moistened with olive oil to reduce irrita- 
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tion of gauze to vaginal mucosa. The vag- 
inal dose was approximately 1,000 mg-hr. 
per capsule. Occasionally three capsules 


* 
ay T usually only two. 
irfeen cases received a second series 


of deep roentgen therapy because of per- 
"sistence or recurrence of the lesion. The 
factors used were similar to those for the 
first series except that only 1,000 to 1,200 r 
per portal was administered. Table 1m 
shows the reaction in these cases. 

When the intravaginal cone therapy was 
added a few cases were treated with only 
roentgen irradiation. One case developed a 
recurrence in the left vaginal fornix about 
two months after completion of therapy. 
This was controlled satisfactorily bv the use 
of radium, although it was decided that 
radium should be used in the vaginal for- 
nices to supplement the cone therapy in 
every case. The regular intra-uterine ra- 
dium application was used in everv case 
receiving cone therapy. Hereafter the intra- 
cervical portion of the application will be 
omitted. If the uterus is fairly large, two 
or three capsules will be inserted into the 
fundus to supplement the cone therapv and 
the vaginal radium. 

Distribution of radium sources within 
uterus and vagina 1s important. Multiple 
sources within the uterus will displace each 
other to the lateral aspects of the uterus 
and thus deliver higher doses to the broad 
ligaments. Careful positioning and packing 
of vaginal applicators are important in 
order to prevent displacement of applicator 
downward against the rectum or forward 
against the bladder. An applicator becom- 
ing dislodged from the vaginal fornix and 
coming to lie on the posterior wall of the 
vagina may produce a verv severe factitial 

sproctitis, while the same dose in its proper 
place would have produced little or no re- 
action. 


e. 
COMMENT 
In the tabulations of reactions (Table 1). 
3 cases were omitted because of death 


^7 
m 
less than six months following completion 
of treatment or because onlv a small 
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amount of palliative treatment was given. 
None of these, however, died with intrac- 
table diarrhea. Some of them, however, had 
first degree reactions, but none had second 
degree reactions. Seven of the 23 cases 
died from one to five months after comple- 
tion of treatment and no statements con- 
cerning bowel reactions were recorded. If 
any one of them had a second or third de- 
gree reaction we would, in all probability, 
have known it. In determining the percent- 
age of reactions, if these are included as 
"no reaction" cases, then the percentage 
having reactions becomes 50 per cent. Four- 
teen were given onlv palliative'treatment or 
died of other cause before treatment was 
complete. We were unable to trace 2 cases. 
A few of the first degree reaction cases were 
not asked whether thev had passed blood 
although the data concerning the diarrhea 
was recorded. These possible sources of 
error hold onlv for the first vear cases. 
Thirty-nine per cent of the entire group 1s 
well and free of clinical evidence of active 
disease. A few of the “no reaction" cases 
listed in Table 111 received more treatment 
than certain of those who developed third 
degree reactions, but appear entirely nor- 
mal on pelvic examination at the present 
time. This points strongly to a marked 
variation of tissue susceptibility in different 
individuals. 


CASE REPORTS ad 
Intrinsic Reaction with Colostomy. 


Case 29 (Table 111). E. I., white, aged forty- 
four, para 1, was admitted October 4, 1938, 
complaining of intermenstrual bleeding fo8 one 
vear. General physical examination was nega- 
tive except for numerous dental caries and 
pyorrhea. Inspection of the cervix revealed a 
small erosion on the anterior and left aspects 
without extension to the vaginal wall. On bi- 
manual examination the uterus was freely 
movable and normal in size without suggestion 
of involvement in either adnexal region. Classi- 
fication of clinical Group 1 was made. Path- 
ologic diagnosis: transitional cell carcinoma 
Grade 3. Red blood cell count was 4,100,000; 
hemoglobin 85$ per cent and negative Kline 
reaction. Urine within normal limits. Bilateral 
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Fic. £. Case 29. Factitial sigmoiditis and condition seventeen months after colostomy. 


pyeloureterograms failed to show deviation 
from the normal. 

Roentgen therapy directed through six 15 by 
15 cm. pelvic fields was begun on October 4, 
1938, and completed on November 17, 1938. 
Physical factors were: 200 kv. (peak) constant 
potential, 18 ma., 52 cm., focal skin distance, 
I mm. copper and o.5 mm. aluminum filtration; 
156 r, measured in air, was given through each 
of two portals every day for a period of thirty- 
seven days for a total of 11,481 r. The antero- 
posterior measurement just above the symphysis 
pubis was,18 cm. Radium was administered 
between November 17, 1938 and November 23, 
1938: 2,957 mg-hr. in the uterus and cervix 
and 2,851 mg-hr. in the vagina, making a total 
of 5,808 mg-hr. Filtratiof. 1 mm. platinum 
equivalent. 

Patient had no significant complaints until 
July, 1939, about seven and a half months after 
completion of radiation therapy, when she 
began having three to four loose stools daily, 
mixed with blood and mucus, and accompanied 
by considerable persistent tenesmus. Upon 
examination, the cervix was in good condition 
but bound down posteriorly. The adnexa were 
negative except for moderate induration. 

Roentgenoscopic examination of the colon, 
with barium enema, demonstrated considerable 
spasm of the rectum, irregular narrowing of the 
proximal third of the sigmoid and adherence of 


of Intrinsic 


sigmoid loops to each other. Proctoscopic exam- 
ination demonstrated typical second degree re- 
action of both the rectum and sigmoid. 

The patient was admitted to the hospital 
July 9, 1939, and an attempt was made to con- 
trol the bloody diarrhea by frequent starch and 
saline enemas followed by instillation of warm 
olive oil. The patient was losing weight and a 
colostomy was decided upon. A Devine colos- 
tomy of the transverse colon was done on 
August 23, 1939. Postoperative recovery was 
rapid and the patient left the hospital on Sep- 
tember 15, 1939, in excellent condition except 
for slight diarrhea from the proximal colostomy. 
opening. There have been no urinary com- 
plaints at any time. 

Since operation the patient has gained 13 
pounds in weight, no complaints except for 
occasional slight diarrhea from the colossomy. 
Repeated pelvic examinations have showh no. 
evidence of neoplasm. Proctoscopic examina- 
tion on three or four occasions during the past 
year have shown slight persistent narrowing of" 
the proximal sigmoid, as shown in Figure 5. 
This case is now ready for closure of cologtomy. 


Marked Extrinsic Reaction with Development 
Reaction Eight Months after Colos- 
lomy. 

Case 47 (Table nr) A. D., white, aged 
thirty-four, was admitted July 24, 1939, com- 
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plaining of intermenstrual bleeding for the 
past eight or nine months. Thick yellow vaginal 
discharge several years. Seven pounds weight 


ac 0s past two months. Patient was in good gen- 


eral cendition except for positive Wassermann 
reaction, for which she had had some treatment. 
Cervix showed small earlv lesion of the anterior 
lip, which bled easily. She was classified. as 
clinical Group 1. Biopsy proved presence of 
adenocarcinoma Grade 3. Bilateral retrograde 
pyelograms were within normal limits except 
for biliary calculi right upper quadrant. 
Roentgen treatment was started July 31, 
1939, delivering 170 r to two portals dailv, 
using the six portal technique. The antero- 
posterior measurement just above symphysis 
pubis was 20 cm. Treatment completed Sep- 
tember 18, 1939, for a total dose of 12,274 r. 
Intra-uterine and cervical radium in tandem 
was applied August 23, 1939, administering 


3,000 mg-hr. through 1 mm. platinum filter. 
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One week later 650 mg-hr. was applied in each 
lateral vaginal fornix and 600 mg-hr. a few days 
later in the same areas. One month later patient 
had gallstone colic, followed by jaundice and 
light colored stools. Cholecystectomy was per- 
formed November 10, 1939, with an uneventful 
convalescence. 

Patient first noticed constipation early in 
November, 1939, and when seen December 1, 
1939, had not had any bowel movement for 
several days despite enemas and mild laxatives. 
There was occasional vomiting but no diarrhea. 
Examination revealed a soft non-distended ab- 
domen, although flat film of abdomen (Fig. 6) 
demonstrated tremendous distention of entire 
colon proximal to sigmoid, and barium enema 
outlined irregular narrowing of rectum. The 
cervix at this time showed marked irradiation 
reaction and the upper vagina was contracted 
and very tender. Cervix could not be dilated by 
gentle pressure by means of small probe. The 





Fic. 6. Case 47. 


A, marked colonic distention proximal to irradiation stricture of distal sigmoid and rectum. 


Colostomy December 14, 1939. B, barium-filled colon, February 25, 1941, showing stricture of rectum 


secondary to extrinsic irradiation reaction. 
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uterus and pelvis were found firmly fixed on 
rectal examination with diffuse fibrosis through- 
out posterior half of pelvis. 

On December 14, 1939 a Devine colostomy 
of the transverse colon was performed. Post- 
operative course was very satisfactory. General 
condition immediately improved. 

The patient noticed swelling of both lower 
extremities a few months later, slightly more of 
the left side. There was considerable induration 
of the, skin in both inguinal regions externally 
and rather marked lymphedema of both lower 
extremities. There was also marked swelling of 
the labia (Fig. 7). 

Patient con tinued to improve and her general 





Fic. 7. Case 47. Induration of inguinal regions and 
lymphedema of labia majora eighteen months 
after treatment in a case of extrinsic irradiation 
reaction of rectum. 


condition became very satisfactory. She was 
admitted to the hospital, however, in August 
and again in November, 1940, for hemorrhage 
per rectum. Hemorrhage completely controlled 
on bed rest and transfusions on both occasions. 
Monsel’s solution was also administered per 
rectum as retention enema. J here has been no 
bleeding since except for a few clots on Febru- 
ary 16, 1941. 

Mucosa of rectum was negative by proc- 
toscopy. Palpation per rectum gave the im- 
pression that the rectum was tunneled through 
a hard fibroid molded into the posterior portion 
of the pelvis. This same condition is still present 
and demonstrated on barium enema film made 
February 25, 1941 (Fig. 6). Bilateral retrograde 
pyelograms on December 4, 1940, were negative 
except for slight clubbing of minor calyces. 
Patient last seen on February 25, 1941, when 
there were no complaints except for some swell- 
ing of the lower extremities below the knees. 
Normal weight and strength. Red blood cell 


Palmer E. Wigby 


Marcu, 1943 


count 3,500,000; hemoglobin 70 per cent, white 
cell count 4,500. Patient has had regular anti- 
syphilitic treatment since first observation in 


July, 1939. 


Colostomy for Severe Proctitis. ‘ 

Case 44 (Table 11). V. F., white, aged 
thirty-five, para 111, admitted June 29, 1939; 
no previous operations or serious illness. Com- 
plaints were intermenstrual discharge six 
months, increase in duration of menses to ten 
to sixteen days for the past three months, pain 
in left lower quadrant one month, and 12 
pounds weight loss during past six months. 
Physical examination was negative except for 
a small ulcer on anterior aspect of anus and a 
few external hemorrhoids. Inspection of cervix 
showed it completely covered by an exophytic 
growth without visible extension to vaginal 
wall. Adnexa indurated with some fixation of 
uterus. Clinical Group i11 carcinoma of the cer- 
vix. Pathologic diagnosis: squamous cell carci- 
noma Grade 3. Kline test negative, red blood 
cell count 3,300,000, hemoglobin 64 per cent, 
pyeloureterograms normal. 

Roentgen therapy was given for twenty- 
seven days between June 29 and August 22, 
1939, through six pelvic portals. The antero- 
posterior measurement just above symphysis 
pubis was 16 cm. Physical factors were: 200 kv. 
(peak) constant potential, 18 ma., §2 cm. focal 
skin distance, filtration I mm. copper plus I 
mm. aluminum; 204 r, measured in air, was 
given through each of two 15 by 15 cm. portals 
daily with exception of a few interruptions. On 
August 28, 1939, radium was introduced in 
tandem into the cervix and uterus for a dosage 
of 2,956.8 mg-hr. using 1.6 mm. silver and 0.2 
mm. platinum filtration in 2 mm. rubber tube; 
followed by 2,702 mg-hr. in vagina (3 sources), 
same filtration in § mm. hard rubber London 
type cylinder during next five days. 

Two days after completion of radium tfeat- 
ment, the patient began to have diarrhea, pain 
with defecation and blood in stools. These 
symptoms continued until hemorrhoidectomy 
on October 4, 1939. The patient was then free 
of bowel symptoms until January, 1940, when 
she noticed straining at stool and bloed on 
outside of stool. Stools were formed and ribbon- 
like but frequent. 

e Proctoscopy on April 1, 1940, showed rectal 
mucosa “‘beefy” red with bleeding points and a 
slight stricture 8 cm. from anus. Symptoms 
became progressively worse, and on April 17, 
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. 1940, a Devine colostomy was performed. Pa- 
^ tient was discharged on twelfth postoperative 


f ; is 
day in excellent condition. There has been no 
a" bleeding from rectum since. Last seen in Febru- 


ary, 1§41, when she had no complaints except 
for diarrhea from colostomy when she tried 
foods not on her usual diet list. The lesion of the 
cervix had completely disappeared and no 
masses were felt in pelvis. Adnexa fairly pliable. 
A slight stricture was felt at the tip of the 
examining finger in the rectum. Proctoscopy 
showed rectal mucosa smooth and normal in 
color; the lumen at the stricture appeared to 
be about 2 cm. in diameter. Barium enema 
studies, however, failed to show any evidence 
of abnormality. Check-up bilateral pyelo- 
ureterograms made March 20, 1940, were again 
normal. It is intended to close the colostomy 
after a few months have elapsed. 


Comment. Even if this patient should de- 
velop obstruction again at some future 
time after closure of colostomy, re-estab- 
lishment of the colostomy is a relatively 
simple procedure with little risk to the 
patient. 


Extrinsic and Intrinsic Reactions with Autopsy 
Findings. 

Case §7 (Table 11). M. R., colored, aged 
fifty, was admitted January 12, 1940, with 
complaint of profuse vaginal bleeding of 
twenty-four hours’ duration. Patient was not 
beyond the menopause and had passed small 
amounts of blood and clots irregularly for 
several years. Patient was taking "shots" in 
the arm in the Venereal Disease Clinic. 

General examination was essentially nega- 
tive, except for moderate anemia and positive 
Wassermann and Kline reactions. Red blood 
cell. count 3,140,000, with a hemoglobin of 62 
per. cent. The cervix was irregular and nodular 
and bled freely on manipulation. Uterus was 
enlarged and somewhat fixed. The fundus gave 
the impression of a smooth round mass of a 
hard woody consistency to the examiner. She 
was placed in clinical Group 1va and so classified 
in ofr tables. Pathologic diagnosis: squamous 
cell carcinoma Grade 3. It was found that the 
patient had been given adequate antisyphilitic 
treatment in the Venereal Disease Clinic frofn 
July, 1938, to June, 1940, and her spinal fluid 
Wassermann test was negative but her blood 
was Wassermann fast. 





Fic. 
grams showing considerable hydronephrosis and 
hydroureter six months after treatment. Similar 
studies were normal at time of treatment. At 
autopsy only fibrosis was found obstructing the 
ureters. 


8. Case 57. Bilateral retrograde pyelouretero- 


Roentgen therapy was started on the day of 
admission and it was decided to use four ex- 
ternal portals and the intravaginal cone for 
irradiating the cervix directly. eThe antero- e 
posterior measurement just above the sym- 
physis pubis was 17 cm. For the external ir- 
radiation I mm. cgpper and 0.5 mm. aluminum 
filtration was used and a dose of 170 r was ad- 
ministered through each of two 15 by $5 cm. 
portals daily, except Sunday. The external 
series was completed on February 9, 1940, and 
a total of 8,024 r had been given through four 
portals. The physical factors for intravaginal 
therapy, which was administered from January 
12, 1940, to January 29, 1940, at the rate of 
350 r per day for a total of 5,250 r, were 200 kv. 
(peak), 18 ma., 45 cm. distance, 0.5 mm. copper 
and o.5 mm. lemon filtration. The cone used 
was 4 cm. in diameter. Radium therapy on 
February 15, 1940, consisted of introduction of 
the four-chambered silver capsule (1 mm. 
platinum equivalent) into the uterus. Each of 
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Fic. 9. Case 57. Barium filling of colon showing 
marked irregular narrowing of rectum prior to 
colostomy. 


the two chambers high in the uterus contained 
23.1 mg. and each of the two within the cervix 
*contained 2997 mg. This was left in place ap- 
proximately twenty-nine and one-half hours 
and the dose calculated to be 3,106.8 mg-hr. 
On February 19, 1940, a single London type 
hard rubber capsule was placed against the 
cervix and 1,202.8 mg-hr. administered. Total 
radium dose therefore was 4,309.6 mg-hr. 
Bilateral pyeloureterograms made January 
31, 1940, were not abnormal. Similar studies 
July 31, 1940, demonstrated fairly marked 
dilatation of the left ureter and kidney pelvis 
(Fig. 8). Subjectively the patient enjoyed en- 
tirely satisfactory health, going about her usual 
work, during the six months following comple- 
tion of irradiation. Patient began, however, to 
feel weak and complained of pain in the anterior 
aspect of the left thigh in July, 1940. The cervix 
at this time was completely replaced by grayish 


necrotic crater with some bleeding from the . 
margins on distention of the vagina. A biopsy s 
from the border of the crater demonstrated i 
necrosis with subacute inflammation and fibro- 9a 
sis. By rectal examination there was cofhplete 
fixation of all structures, particularly on the 
left side. The rectum itself was negative to 
palpation. On the day following the pyelog- 
raphy on July 31, 1940 (Fig. 8), the patient had 
chills and fever and remained in bed for one . 
week. She stated she had suffered considerable 

pain in the region of the left costovertebra! 
angle, which was still present and for which 
ureteral dilatation provided relief. 

Because of the hydronephrosis which had de- e 
veloped since preliminary treatment, it was 
decided that another pelvic series should be ‘ 
given and this was commenced on July 23, 
1940, and discontinued August I, 1940, because 
of weakened condition of patient. Patient next 
seen October 1, 1940, when she had no com- 
plaints except that she stated she had had 
vaginal bleeding for one hour two days before 
and loss of strength. The vagina at this time 
was funnel shaped, the cervix completely de- 
stroyed and marked "epithélite" formation. 
The rectum itself was still negative. There was 
marked fixation and induration throughout left 
broad ligament. 

The bowel symptoms began early in Novem- 
ber, 1940, with bloody loose stools and pain in 
the lower abdomen. The passing of blood clots 
per rectum continued and on November 15, 

1940 examination of the colon with the aid of 
barium enema (Fig. 9) demonstrated extensive 
irregular narrowing of the entire rectum and 
distal sigmoid. Patient continued to pass blood 
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Fic. 10. Case 57. Photograph of gross autopsy speci- 

e > = " nd mo . j > 
men including rectum, portion of sigmoid, vagina, 
uterus and bladder at top. Marked third degree 
irradiation reaction of rectum. 
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. clots from rectum and was hospitalized on 


December 6, 1940. Conservative local treat- 
ment was carried out without noticeable 


a ., change. Devine's colostomy of the transverse 


colo was performed on December 18, 1940. 
Patient began to have elevation of temperature, 


* of aseptic type, on the day of the operation and 


this gradually rose until death on December 24, 
1940. 

At autopsy the entire peritoneal cavity was 
filled with purulent material which flowed 
freely from the incision. Both kidneys showed 
hydropyonephrosis. The sigmoid colon was seen 
to enter a hard mass (Fig. 10) within the pelvis 
which was found to contain rectum, vagina, 
uterus, bladder and surrounding tissues. It ap- 
peared that at least 30 cm. of the sigmoid colon 
and rectum had undergone necrosis and con- 
tained foul smelling, grayish-yellow material. 
In one area the serosa of the sigmoid had 
formed a large pocket containing this necrotic 
material. There was extensive fibrosis of the 
wall of the rectum, most marked at the level of 
the cervix. Sections from numerous blocks of 
tissue from all representative areas, including 
the lower ends of the ureters, failed to show any 
evidence of carcinoma. The photomicrograph 
shown in Figure 11 was taken from the wall of 
the distal sigmoid. The mucosa was eroded and 
ulcerated in multiple areas. It showed many 
infiltrating neutrocytes, lymphoid and plasma 
cells. Subserosa was markedly thickened and 
proliferation of intimal layers of blood vessels 
with narrowing of lumena was seen. No neo- 
plastic cells present. 


Comment. There was no palpable evi- 
dence of extension into the paracervical 
tissues at beginning of treatment. Urologi- 
cal studies at that time failed to show devi- 
ation from the normal. The cervical lesion 

e 
was brought well under control but the 


«ureters gradually dilated until finally hy- 


dronephrosis supervened. This suggests 


! that. the, fibrosis found surrounding the 


ureters and elsewhere within the pelvis at 
autopsy resulted from the treatment. 

It has been our experience that patients 
with syphilis, particularly if inadequately 
treated, do not respond to radiation treat, 
ment of carcinoma of the cervix as well as 
those without syphilis. 
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| SUMMARY AND CONCLUSIONS 
1. An individual variation in suscepti- 
bility exists in the ability of different pa- 
tients to tolerate radiation treatment. 
2. Detailed dosages and reactions are 
tabulated in 77 cases receiving roentgen 





Fic. 11. Case 57. Photomicrograph showing intimal 
proliferation, with adjacent fibrosis, representing 
irradiation effect in wall of rectum. No evidence of 
carcinoma. 


and radium treatment for cervical cancer. 
Some of the “no reaction" cases received 
more treatment than certain of those suf- 
fering third degree reactions. 

3. Even by staving well within limits of 
accepted dosage, reactions may occur sev- 
eral months or vears later, without anv 
immediate reaction after treatment. The 
symptoms of these late reactions may be 
mistaken for hopeless recurrence by other 
phvsicians. j 

4. Radiation therapy of cancer of the 
cervix sufficient to eradicate the disease will 
produce clinical évidence of large bowel re- 
action in a high percentage of cases. liifty- 
seven per cent in this series had bowel 
reaction varving from slight diarrhea to 
stricture formation. 

5. Reaction severe enough to demand 
colostomv occurred in 6 cases, or 7.9 per 
cent of 77 cases. 

6. Post-irradiation stricture of the distal 
large bowel, unlike ureteral stricture, 1s 
often temporary and always amenable to 
surgical treatment, except for the rare com- 
plication of fatal hemorrhage from the rec- 
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tum after colostomy. This did not occur in 
our series. 

7. Intractable diarrhea associated with 
second degree irradiation reaction of rec- 
tum or sigmoid will also yield to colostomy. 
The bowel should be put to rest by use of 
the Devine type of colostomy before the 
patient becomes emaciated, and the colos- 
tomy may be closed when the lesion is well 
healed. Twelve to eighteen months will 
suffice. 

8. There are two types of rectal and sig- 
moidal late reactions—extrinsic and in- 
trinsic. i 

g. Both types of involvement show vas- 
cular occlusion as their chief histologic fea- 
ture, followed by infarction in the wall and 
mucosal ulceration and later fibrosis unless 
healing occurs before reaction becomes ad- 
vanced. Strictures form from organization 
of submucosal granulation tissue. There 
may be a combination of both reactions. 

10. Description of an autopsy is included 
in which evidence suggests that fibrosis suf- 
ficient to obstruct the ureters may occur 
as a result of radiation treatment. 
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11. In patients suffering second and , 


third degree reaction, occasional bleeding 
from rectum may never entirely disappear. 
» 
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THE EFFECT OF ROENTGEN RAYS UPON THE 
GROWING LONG BONES OF ALBINO RATS 
à II. HISTOPATHOLOGICAL CHANGES INVOLVING 
pA ENDOCHONDRAL GROWTH CENTERS* 


By CHARLES L. HINKEL, M.D., Mep. Sc.D. 


Walter Reed General Hospital 
WASHINGTON, D. C. 


HISTORICAL 


INCE the time of Perthes?* (1903), who 

first demonstrated gross underdevelop- 
ment of osseous structures following roent- 
gen irradiation, manv investigations have 
been carried out in this field. The first 
microscopic studv of irradiated bones was 
reported by Recamier and Tribondeau.*® 
They concluded that roentgen rays caused 
stunting of growth but that no histological 
changes were demonstrable. Salvetti? 
(1914), studying roentgen-ray effects upon 
fracture healing, stated that "microscopic 
changes were not sharp." Segale?* (1920) 
first described definite microscopic changes 
in the bones of young rats after doses of 7 
to 20 Holzknecht units of roentgen ravs 
The changes consisted largelv of disar- 
rangement of cartilage cells and were most 
marked after third degree skin burns. The 
author considered them permanent, with 
no tendency toward reparation. Hoffman,” 
three vears later, showed the same disturbed 
microscopic picture in growing epiphyses 
following amounts of roentgen rays ex- 
ceeding one erythema dose. He also noted 
decalcification of the irradiated bones. De- 
scriptions of gamma- and roentgen-ray 
effects upon adult and adolescent diaphys- 
eal bone were supplied by Phemister? and 
Ewing? (1926). The former described de- 
calcification and necrosis, while the latter 
showede the dense sclerosis of "radiation 
osteitis.” 

Brooks and Hillstrom* (1933) described 
characteristic microscopic changes of col- 
umn disorganization and retarded growth 
after onlv 40 per cent of an ervthema dose 
in young rabbits. Dahl^**/!9? (1934-1936) 
carried out many excellent experimental 


studies on rats twelve to eighteen days of 
age. He found decreased vascularity and 
increased calcification in addition to the 
previously described changes in cellular 
arrangement. He correlatgd the micro- 
scopic changes with gross skin effects and 
discussed theories pertaining to cell func- 
tion and cartilage growth. Manv bones re- 
ceiving large doses underwent decalcifica- 
tion, spontaneous fracture and sterilization 
of cartilage growth. Baunach? described 
"cartilage necrosis" in voung rabbits after 
irradiation with 1,650 r in divided doses. 
Bisgard and Hunt? (1936) found micro- 
scopic changes after doses only half as large 
as those required to stunt the bones of 
rabbits three to five weeks old, and stressed 
the lessening of effect produced by fraction- 
ation of the dose. 

Gall, Lingley and Hilcken? gave excel- 
lent descriptions of detailed microscopic 
changes at varying intervals after stunting 
doses of 200 and 1,000 kv. roentgen rays 
delivered to the legs of rats fifty-four days, 
old. They concluded that the ultimate ef- 
fects produced were similar regardless of 
the type of rays used. 


PURPOSE è 


Many, if not all, of these studies, despite 
contradictions,unconfirmed statements and 
reduplications, are of value today. The re- 
sults obtained and the microscopic appear- 
ances noted, vary with different techniques, 
species and ages of animals used, amounts 
of radiation administered, and the interval 
between irradiation and necropsy. Many 
of the same structural changes have been 
described by more than one investigator, 
yet have been interpreted differently by 
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each. The interpretation of cellular changes 
is a highly individualistic function of each 
observer and constitutes one of the impor- 
tant reasons for the preparation of this 
paper. 

It is the purpose of this study to describe 
and, wherever possible, to explain the his- 
topathological changes accompanving vari- 
ous degrees of roentgen-induced stunting 
in rats of different ages. 

° 
INTRODUCTION 

Sufħciently large amounts of roentgen 
or gamma rays bring about recognizable 
changes in every known kind of living 
cell.5!5 The cells comprising certain tissues 
are very resistant to irradiation while 
others are readily affected. It is interesting 
that not all cartilage cells are alike in this 
regard. 

Fibrocartilage and hyaline cartilage are 
resistant to large amounts of radiation.!? 
The cartilage columns in the ends of grow- 
ing bones, however, are remarkably in- 
Huenced by and can be modified by quanti- 
ties of roentgen rays which produce no 
grossly perceptible changes in the skin 
through which they pass. The cartilage in 
these locations is vitally concerned in the 
growth of the bone, and cellular change in 
cartilage is reflected in the bone produced. 
As Stump? has stated, “Bone formation is 

ea secondary, process of replacement and 
consolidation following in the wake of car- 
tilage growth." 

ln a previous publicatign?' | described 
the gross stunting of growing long bones 
following various amounts of roentgen ra- 
diation administered to rats from one day 
to six months of age. The present work is 
intended as a complement to the previous 
report as the histological material is, in 
large part, obtained from the same animals 
or their litter mates. 

GENERAL TECHNIQUE 
(abbreviated) 


Sherman strain albino rats of various 
ages were anesthetized, immobilized, and 
irradiated by a single dose of 200 kv., cop- 
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per filtered roentgen rays at one sitting. \_. 


The irradiated field was § mm. in diameter 
and included the right distal femoral growth 
center. The left femur of each animal serygd 
as the unirradiated control. The details of 
technique, as well as the rationale for the 
same, have been previously published.” 

[n some litters all animals were irradiated 
equally, and one member sacrificed every 
few weeks for microscopic study while 
roentgenograms of the survivors were made 
at intervals in order to obtain growth 
curves. 

In other litters duplicates were run (i.e., 
each pair of animals received the same 
dose) and the doses for each set of dupli- 
cates were varied in order to study the 
effect of ascending amounts of radiation. 
In these experiments one animal from each 
pair was used for gross study while the 
other was sacrificed after appropriate peri- 
ods to permit histological observations. 

A considerable amount of the material 
here described was obtained when the 
growth studies were terminated, in some 
cases many months after the administra- 
tion of the roentgen rays. 

As the above mentioned necropsy ma- 
terial left some "gaps," other litters were 
subsequently irradiated and sacrificed at 
appropriate times to provide a continuous 
series of sections from the day of irradiation 
until nine months thereafter. 


GENERAL PATHOLOGICAL TECHNIQUE 
Both hind legs were disarticulated at the 
hips, partially freed of soft tissues, and 
placed in separate bottles, Measurements 
were made by roentgenograms or calipers 
or both before fixation. The bones were 
then fixed in Zenker’s solution, decalcified 
by one of several standard methogls, split 
longitudinally, imbedded in paraffin, sec- 
tioned at 6 micra and stained with hemo- 
toxylin and eosin except for special pur- 
poses, which are specifically mentioned. 
.lhe arteries of a few animals were in- 
jected with India ink to identify blood 
vessels, while others received intraperito- 
neal trypan blue injections to facilitate 
identification Ofcertain marrow cells. 
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BASIC ANATOMY AND PHYSIOLOGY 


The anatomv of the epiphvsis, cartilage 
zone,and metaphysis has been thoroughly 
stu&ed and is so well known that no de- 
talled description will be given here. The 
phvsiology of endochondral bone formation 
is not vet entirely understood and is being 
investigated in many wavs. 

In order to simplify the following de- 
scriptive paragraphs and to avoid ambi- 
guity of terms, as well as for convenience 
in designation, a normal illustration from 
Dodds'^?36 is shown (Fig. 1). Because of 
the great care and completeness of Dodds’ 
work and his helpfulness in this studv, we 
shall adopt the nomenclature and concepts 
of growth dvnamics described in his writ- 
ings. 

As shown in Figure 1 there are five zones 
which can be readily recognized in actively 
growing cartilages. 

Zone 1. Lying subjacent to the epiphys- 
eal bone there is a narrow zone of "reserve 
cells" which divide to give rise to “row 
mother cells.” 

Zone 2. Columns of flattened discoid cells 
are formed bv repeated divisions of the cells 
in Zone 1. This is the "zone of multiplica- 
tion.” 


Zone 3. In this portion of the cartilage 
columns there is no cell division but growth 
of each cell progresses until it has lost its 
discoid nature and has become more nearly 
polygonal. 


Zone 4. This zone is composed of fully 
grown cells and is usually only three to five 
cells wide. It is here that changes in the 
mafrix occur and calcium salts are deposited 
in the longitudinal walls or septa between 
the orderly columns. The mineral salts are 
not deposited in the transverse septa of 
matrix between individual cells of the same 
column. 


Zone 5. Here the vascular tongues of 
marrow advance along the rows of carti- 
lage cells, removing the uncalcified trans. 
verse walls and liberating the cartilage cells 
from their lacunae. Some of the calcified 
longitudinal walls are subsequently re- 
moved but others remain as delicate tra- 


Effect of Roentgen Rays upon Growing Long Bones 423 


beculae which act as the base upon which 
the developing new bone is formed. This 
"zone of chondroclasis" is narrow, as be- 
hind it comes the edge of advancing dia- 
physeal bone. Normally the calcification 


> Epiphyseal bone. 
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Fic. 1. Photomicrograph of normal growing carti- 
lage. Five zones are described by G. S. Dodds, 
whose illustration is herewith reproduced from 
Am. T. Anat., 1938, 55, 139. 


advances into the cartilage columns onlv a 
few cell widths ahead of the marrow tongues 
which remove the cartilage. These proc- 
esses are well balanced and orderly so that 
there is a constant relationship between 
cell multiplication, cell growth, matrix cal- 
cification, chondroclasis and deposition of 
new bone. 
SECTION I : 
ONE MINIMAL STUNTING DOSE 
AT ONE MONTH 


[n the studv of this material it soon be- 
came apparent that careful analvsis of the 
histopathological changes was greatly com- 
plicated bv several factors. These are: the 
amount of radiation, the age of the animal 
at the time of irradiation, and the length of 
the interval between irradiation and nec- 
ropsy. These factors influence each other 
and exert a profound effect upon the histo- 
logical changes in each section studied. 
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Fic. 2. Zone 1. Photomicrograph of Zone 1 and suprajacent epiphysis sixty hours after the administration 
of 600 r at thirty days of age (1 M.s.p.) (standard technique for Series 1). Animal No. 423. X260. Left, 
irradiated; r7ght, control. The cartilage cells (O) on the irradiated side are swollen and granular. Some 
nuclei stain darkly, others scarcely at all. Within the epiphysis (top) the osteoblasts (.X) are degenerating 
and no longer hug the bone trabeculae. A multinucleated giant cell is present at 4. Some of the cartilage 


cells of Zone 2 are included (C). 


It is desirable in presenting this material 
to avoid complicating factors as much as 
possible, and to this end a single group of 
animals (Section 1) will be presented first. 
In the experiments from which the material 
in this section was obtained, the age of all 
animals was thirty days. Only females of 
normal weight were used and the dose was 
constantly 600 r (1 minimal stunting dose) 
in one sitting. The findings noted at increas- 
ing iftervals after irradiation are described 
in such a manner as to provide a continuous 
chronological record of the changes tran- 
spiring after irradiation under these condi- 
tions. This dose at thirty days of age pro- 
duces + 10 percent stunting in the ensuing 
month. For calculation of percentage stunt- 
ing see footnote.* 


* Calculation of Percentage Stunting. As previously pointed out, 
the degree of stunting alone cannot be accepted or regarded as an 
accurate measurement óf the irradiation effect because of the 
different rates of growth in animals of different ages. Stunting of 
3 mm. in a young animal is considered only a small amount be- 
cause the normal bone grows with such rapidity that it quickly 


HISTOPATHOLOGICAL CHANGES 
SIXTY HOURS AFTER 
IRRADIATION 
The cartilage zones show the following 
changes which, while not striking, are 
definite: 
1. The entire cartilage zone is increased 





outdistances its fellow. In older animals stunting of several milli- 
meters requires high doses of irradiation and may not become 
apparent for many months. 

For this reason, in speaking of the amount of stunting, we be- 
lieve that this should be expressed in terms of "percentage stunt- 
ing" on the basis of the number of millimeters which the rfbrmal 
(control) bone grew over the interval included in the observation. 

Calculation of the percentage of stunting: 

Example: Animal No. 85 

At the time of irradiation both femora measured 8 mm. (age 
2 weeks). e 

At the time of necropsy the irradiated femur measured 22 mm. 
while the control was 33.5 (age 6+ months). 

Subtracting 8 mm. (original length) we see that the irgadiated 
bone grew 14 mm. while the control grew 25.5 mm. That is, the 
control grew 11.5 mm. more than the irradiated femur in a period 
of six months, or the irradiated bone was stunted 11.5 mm. 

What percentage of the normal growth was the abnormal bone 
ftunted? 


ties 
— — X 100 equals the percentage 
25.5 
— 45 per cent stunting in six months, 
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thickness. This increase appears to be 
due to swelling of the cells. By actual count 
the average number of cartilage cells in a 
column at this age in irradiated and con- 
trel animals is twenty-eight or thirty with 
no consistent difference in the irradiated 
and control bones. Zone 1 is definitely 
widened (Fig. 2) and the cells, instead of 
being fusiform, finely granular and homo- 
geneously stained, are shortened, swollen, 
coarsely granular and, while some stain 
almost black, others are red. Many cells lie 
singly instead of in pairs, and short columns 
eand a few empty lacunae are in evidence. 

2. In Zone 2 the cartilage cells, which 
are arranged in small longitudinal groups 
of two to four, are very large and contain 
prominent knots of chromatin in addition 
to their nucleoli. While many of these cells 
are normal in aspect some have a stellate 
appearance, and others are shrunken and 
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stain deeply. Here and there bizarre cells 
are seen, the nuclei of which are often mul- 
tiple. There is a narrow clear zone just 
within the lacunae of the chondrocytes and 
the intercellular septa appear more distinct 
and darker staining than those of the con- 
trols. 

In Zone 3 the cells show definite longi- 
tudinal derangement so that the columns, 
while partially preserved, are crooked and 
in places interrupted. The cells are large, 
pale and swollen. In morphology, these re- 
semble the cells usually found in Zone 4. 
The lacunar margins are not rectangular 
but irregularly ovoid and stain deep purple. 
There is an increase in the amount and 
granularity of the interlacunar matrix 
which is finely fibrillar (Fig. 5). 

Zone 4, which in the controls is about 
three to five cells in width, is found to be 
about five to seven cell thicknesses wide. 





Fic. f Zones 4 and 5. Appearance three days after the administration of 600 r at thirty days of age (1 M.s.D.) 
Animal No. £o4. X260 (Series 1). Left, irradiated; right, control. The large vacuolated cartilage cells (top) 
are being invaded by blood vessels and connective tissue cells. On the irradiated side, the cells are dis- 
arranged and no distinct vessels can be seen, although red blood cells are present at V. No osteoblasts are 
identifiable although they are numerous in the control (O). India ink has been injected into the arteries, 
but although channels are present in the control (7) only a few granules of ink are present in the irradiated 


bone. Phagocytic cells are seen in both (C). 





Fic. 4. Met iphyseal Region. One week after 6oc r 
at thirty days of age (1 M.s.p.) Series 1. (animal 
Hs. X 240). Large cartilage cells of Zone £ are seen 
at C. The marrow (O) shows cellular destruction, 
derangement of osteoblasts and extravasated red 
blood corpuscles. Two well preserved cartilage 
cells within intact lacunae remain (B). There is 
advanced calcification of primary spicules (4). 


The cartilage cells are considerably en- 
larged, some attaining twice the size of 
normal. A partially "empty" appearance 
Is common and this in some cells is aug- 
mented bv absence of the nucleus. The 
matrix substance is distributed unevenly 
between the cells which themselves vary in 
size and alignment. The matrix is slightly 
more heavily calcified in the irradiated 
bones than those of the controls, but the 
base (proximal margin) of the former is less 
regular. Instead of a fairly uniform, abrupt 
transition to calcific matrix material in the 
intercolumnar septa, this is irregular. 

Zone § in the irradiated animals shows 
irregular chondrolysis and ragged perfora- 
tion pf the transverse interlacunar septa 
with the resultant production of “fraying” 
of the proximal cartilage margin. In some 
areas uneven sharp prolongations of unre- 
sorbed calcified matrix extend far proxi- 
mally into Zone 5. In or adjacent to some of 
these are cartilage cells which have appar- 
ently escaped perforation and destruction. 
Conversely, extending distallv from the 
diaphyseal bone, irregular spicules of bone 
and osteoid tissue are found. These appear 
to extend into the cartilage (Fig. 3). 

In the most proximal portion of Zone § 
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and in the metaphysis where normal 

osteoblasts are found perched upon the 
longitudinal bony and osteoid spicules, 
other changes are noted. These consisg of 
disorientation of the osteoblasts NA no 
longer are arranged in orderly fashion along 
the margins of the osteoid prolongations. 
These cells are found free in the marrow 
spaces where they mix with the general 
marrow population. [n many areas they are 
curled into circular groups of ten or more 
about what resemble small blood vessels. 
Some of these cells are swollen and others 


are slender and fiber-like with pvknotice 


nuclei, but the predominant form is tri- 
angular. By morphology in section, these 
cannot be differentiated from the usual 
hbroblasts or immature connective tissue 
cells which are normally found in this loca- 
tion (Fig. 3). 

In the marrow spaces the irradiation 
changes are readily apparent. There is hazi- 
ness of many cells, and swelling, pyknosis 
and karvolvsis of the marrow constituents. 
Red blood corpuscles are found outside 
blood vessels, hemosiderin granules are 
present, and the entire diaphyseal and epi- 
physeal region is less thickly populated 
than the controls. 

The marrow changes, especially the de- 
pression of lymphocytes and normoblasts 
have been excellently described by 
others^????:! and will not be discussed here. 
The blood vessel growth and distribution 
will receive particular attention later. 

Although it is difficult to be certain at 
this stage, there is the impression that min- 
eralization is augmented in the diaphyseal 
region of the irradiated bones. The ia- 
physeal cortical bone shows no changes 
which can be definitelv attributed to the 
irradiation at this stage. The pegiosteum, 
epiphyseal bone, hyaline cartilage and ex- 
tra-osseous tissues will not be discussed in 
this paper. 

There is no gross stunting at this interval. 


INTERVAL— ONE WEEK (FIG. 5) 


Seven days after irradiation the cartilage 
zone remains wider than that of the control 
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Fic. 5. Epiphyseal Cartilage. One week after 600 r at age of thirty days (1 M.s.p.). Animal No. 442. X110. 
Left, irradiated; right, control. The bone has grown a normal amount in length but the cartilage cells are 
large, bizarre, poorly columnated and separated by bundles of fibrillar and granular matrix substance (7). 

The base of the columns is eroded irregularly and precocious mineralization has taken place in the 
metaphysis (bottom). The blood vessels (/^) have been injected with ink but this section is not of sufficient 
thickness to permit accurate comparison of these structures. They appear disturbed in the irradiated 


metaphvsis. 


and contains three to four more cells per 
column. The cells of Zone 1 are predomi- 
nantly ovoid and normal in size. They have 
a tendency toward abnormal polarity, how- 
ever, and many lie parallel to the cartilage 
columns. 

Zones 2 and 3 show much more marked 
changes. These consist of swelling of the 
cells, disarrangement of the cartilage col- 
unfns, widening of the intercolumnar spaces, 
increase in the amount and granularity of 
the intercellular matrix and some degree of 
segmentation of groups of chondrocytes 
into ovoid bundles. These bundles are de- 
limited by material which resembles that 
composing the lacunae. The cells them- 
selves show enlargement, marked granu- 
larity, a definite trend toward eosinophilia, 
bizarre forms and nuclear fragmentation. 
Here and there a cell strains red, 1s retracted 
from its lacuna and does not appear viable. 


Zone 4 contains many red staining cells 
and the same tvpe of columnar disorgani- 
zation described above. These cells are 
greatly swollen, granular, vacuolated, and 
are separated by unusuallye basophilic 
lacunar walls which appear thicker and 
more prominent than normal. These are 
heavily impregreated with mineral matter. 
The number of cells in column hgre is 
markedly inconstant, varying from four 
(normal) to ten. This produces a scalloped 
appearance of the proximal margin of Zone 
4 and causes it to blend into Zone s. Long, 
often crooked or branched extensions of un- 
resorbed cartilage cells appear to reach deep 
into the metaphvsis. Many of the proximal 
cartilage columns are seen to be normally 
invaded by delicate blood vessels and con- 
nective tissue elements while in contiguous 
areas the cartilage cells remain unchanged 
and unresorbed. In most cases it 1s found 
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that these persistent cartilage columns are 
invested by a dense layer of mineralized 
matrix. This shell is unusually scalloped or 
eroded, but the transverse intercellular 
septa are readily identifiable. It is not in- 
frequent to find pairs or short chains of 
cartilage cells within intact lacunae, sev- 
eral cell widths proximal to the bases of the 
chondrocytes in Zone 5 (Fig. 4). 

Marked changes are apparent in the 
marrow adjacent to the proximal cartilage 
prolongations. In addition to the changes in 
the hematopoietic system, there is an in- 
crease In prominence of red blood corpus- 
cles and fat célls. There is a definite de- 
crease in the number of osteoblasts. Many 
remain in recognizable form, however, and 
these are shrunken, pyknotic, karyolytic 
and unevenly distributed. At this age, 
normally, these cells do not only line the 
bony and osteoid spicules but practically 
choke the spaces between them (Fig. 3, 
control). They are plump, pale staining, 
finely granular and somewhat more numer- 
ous about blood vessels. In the irradiated 
bones they are slender, dark staining, show 
ragged protoplasmic extensions and lie 
irregularly scattered in the narrow spaces. 
Commonly they form tight whorls resem- 
bling multinucleated giant cells. The num- 
ber of multinucleated cells, which are 
highly eosinophilic, is increased over the 
normal. They probably are macrophages 
as they take up trypan blue dye as pre- 
viously shown.* 

Osteoid tissue is found in the irradiated 
metaphvses but it appearseto be decreased 
in angount and unevenly distributed. It 
sometimes constitutes a thick laver along 
one side of a bony spicule while the other 
side is uncovered. 

The metaphyseal bone on the treated 
side shows certain interesting modifications. 
The bony spicules are broader, contain 
more blue staining mineral material and 
bear a closer resemblance to calcified carti- 
lage cells than do those of the controls. They 
are branched, often fused, and show less 
regularity of spacing length and direction 
than normal. Here and there bony islands 
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are found within which the calcified trans 
verse and longitudinal lacunar walls of the 
obsolete cartilage cells stand out sharply. 
Another prominent feature is the presence 
of large plaques of heavily calcified? alel- 
lular matrix substance. Usually this is sur- 
rounded by a thin laver of osteoid tissue 
but in some instances these dense deposits 
are in direct contact with the marrow ele- 
ments. The marrow cells at this time show 
active regeneration which is progressive 
hereafter. 

Gross measurements at this interval 
show no stunting. It seems that the abnor- 
mal appearance is not associated with im- 
paired growth function, although both 
femora have grown about 4 mm. since ir- 
radiation. 


INTERVAL—TWO WEEKS (FIG. 6) 


Two weeks after irradiation the width of 
the cartilage zone 1s normal except for the 
central fifth which 1s wide. 

Zone I 1s not unusual. 

Zone 2 appears to be divided into ovoid 
compartments delimited by pale staining 
fibrillar material. Within these compart- 
ments the cartilage cells are clustered 
closely. The cells are abnormal in appear- 
ance, show lack of columnar arrangement 
and contain prominent nuclear chromatin 
knots. Mitotic figures are so rarelv found 
that they cannot be depended upon as an 
index of cellular activity. 

Between the ovoid groups of cells the 
matrix substance forms large, deeply stain- 
ing islands and wide bands which are much 
more prominent and presumably more 
heavily calcified than normal. ° 

Zones 3 and 4 show some tendency to re- 
turn toward columnar orientation of the 
cartilage cells but they are still irregular. 
The individual cells are larger that normal 
and show the heterogeny of staining, gran- 
ularity and evidences of senescence? de- 
scribed above. 

In the central fifth of the epiphyseal car- 
tilage plate it is evident that Zones 3 and 4 
have still the appearance described at one 
week after treatment. There is little resem- 
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Fic. 6. Proximal Cartilage Zone and Metaphysis. Appearar.ce two weeks after 600 r at age of thirty days 
(1 M.s.D.). Animal No. 414. X110. Leff, irradiated; right, control. Extending downward from Zone 5 (C) 
there is a broad finger-like process of unresorbed chondrocytes (B). This is in the mid-portion of the 
metaphysis, farthest from the blood supply. This is an exaggerated "cartilage tail” and is enclosed almost 
entirely by a rim of mineralized matrix. Mineralization of the primary trabeculae is heavy (.X). 


blance to the normal appearance or ar- 
rangement of cells and the thickness of the 
cartilage in the region is increased by about 
30 per cent. This portion of the epiphyseal 
cartilage is farthest from the periosteal 
blood supply and is presumably the most 
poorly nourished. 

In Zones 3, 4 and $ also, the areas of 
fibrillar matrix substance are prominent. 
These appear to fill in the abnormally wide 
interstices between the irregularly spaced, 
crooked columns of cartilage cells. 

Minerals are deposited in the usual fash- 
ion within the intercellular matrix of Zone 
4, and in Zone 5 chondroclasis appears 
more orderly and more active but still defi- 
cient. The line between the large clear car- 


gtilage cells and the marrow spaces is 


irregular® jagged and, in certain areas, 
long irregular cartilage columns penetrate 
variable distances into the marrow cavity 
(Fig. 6). These cartilaginous extensions are 
not as numerous as those at one week but 
are considerably longer. Occasionally such a* 
cartilage column appears almost intact, 
straight and uneroded. For convenience 


these are subsequently referred to as "car- 
tilage tails." More frequently, however, 
portions of such columnar "tails" are found 
distributed in the diaphyseal region where 
normally non-cartilaginous bone spicules 
are being formed. Another tvpe of prolong- 
ation which appears to extend proximally 
from the epiphyseal zone is that composed 
of totally acellular, calcium containing 
matrix material. Sometimes such prolonga- 
tions fill the spaces between cartilage col- 
umns but frequently they are in contact 
with only marrow cells or vessels. 

At this interval a marked change aryl re- 
generation are noted in the marrow cells, 
although there is still an increase in the 
amount of fat. Osteoblasts are now numer- 
ous and manv are again found lining the 
spicules of bone and filing the intertra- 
becular spaces. Few of these appear abnor- 
mal either as to morphology or grouping. 
The fusion of osteoblasts described above 
is not present and the number of multi- 
nucleated cells is within normal limits 

The metaphyseal new bone is of interest. 
It has a markedly irregular pattern to 


which the following changes contribute: 

(a) The above mentioned cartilaginous 
and matrix prolongations extend more or 
less deeply into this region. 

(b) The width of the longitudinal bone 
trabeculae varies from two to five cells 
abreast. 

(c) The direction of the trabeculae is ab- 
normal, with many branching oblique and 
transverse trabeculae. 

(d)*Throughout the calcified new bone 
the pattern of the preformed cartilage 1s 
very clear, giving rise to a mosaic made up 
of large cell outlines which are calcified 
about their ptripheries (Fig. 6 and 7). 
Many of these cells stain pink, some un- 
questionably represent previously formed 
osteoid tissue, but others are unmistakable 
cartilage cells. 

(e) Scattered throughout the distal 1—2 
mm. of diaphyseal bone, cartilage cells are 
found singly in pairs and short columns. 
Some of these cells show evidence of death 
or degeneration but others appear intact 
and morphologically normal. In most in- 
stances these isolated unresorbed cartilage 
cells are surrounded by a layer of calcified 
matrix. 

(f) The above mentioned islands of cal- 
cified matrix are found extending several 
millimeters proximal to the epiphyseal line. 

It is of interest that this peculiarly ab- 
normal metaphyseal bone stops sharply 
about 2 mme proximal to the cartilage plate. 
The diaphysis itself appears perfectly nor- 
mal. Gross length measurements at this 
interval show a little les» than 1 mm. of 
stuntgng of the irradiated bone. If it is as- 
sumed that this abnormal 2 mm. of meta- 
physeal bone is a result of the irradiation 
then it appears that longitudinal growth, 
although impaired, has continued despite 
the morphological abnormalities. 


INTERVAL—ONE MONTH 


One month after the irradiation injury 
there is a marked return toward a normal 
appearance of the cartilage zones. In Zone 
I no distinct abnormality can be made out. 

Zones 2 and 3 show a definite columnar 
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arrangement of the individual cells. Th 

columns are not as straight as those of the 
control and appear tortuous or interwoven. 
The intercolumnar matrix material is ntore 
prominent than normal, dividing thesc£frti. 
lage cells into moreor less isolated groups or 
bands. Here and there one finds a cell 
which stains red or brown, but in general the 
normal morphological characteristics of 
active cartilage cells are found. Frequently 
the flattened disc-shaped cells of Zone 2 
appear concave on the side toward the 
epiphysis and a considerable number lie ob- 
liquely instead of in a plane perpendicular 
to the long axis of the bone as a whole. In- 
frequently one finds a huge, bubble-like 
cartilage cell surrounded by dense deep- 
staining matrix (Fig. 7). Usually such 

"cells" contain no recognizable nucleus or 
organized protoplasm, but occasionally 
they are found to contain two or more nu- 
clei. Infrequent bizarre and pleomorphic 
cells are seen which are similar to those 
described earlier. 

The abnormalities in Zones 4 and § are 
similar in nature to those described two 
weeks after exposure. The deviations from 
normal are less striking but extend a greater 
distance into the diaphysis at this time. 

There is no longer a definite increase in 
the number of cartilage cells or length of 
the columns, but the blue staining matrix 
substance extends into the metaphysis in 
an irregular fashion, often surrounding a 
"tail" of cartilage cells which have retained 
their lacunae and staining qualities. 

As a general rule, except for the matrix 
prolongations which are heavily mineral- 
ized, the zones of calcification and chonero- 
clasis are quite normal in appearance. Deli- 
cate blood capillaries are found abutting 
upon the cartilage columns and the normal 
marrow elements (hematopoietic, fibro- 
blastic, osteoblastic and endothelial) are 
found filling the spaces between the ‘spic- 
ules of calcified matrix, osteoid, and new 
bone. 

" The outstanding abnormality is now 
found in the metaphyseal and diaphvseal 
new bone which is unevenly spaced and 
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Fic. 7. Cartilage Zone One Month after Irradiation. Appearance one month after the administration of 600 r 


at age of thirty days (1 M.s.p.). Animal No. 415. 


x110. Left, irradiated; right, control. The cartilage 


columns are still irregular and some cells are bizarre (4). The apparent increase in thickness of the cartilage 
plate is due to tardy chondroclasis of the "tails" at C. Although the blood vessels are not as straight and 
readily seen as those of the control (B/^), they are numerous and appear to approach the cartilage columns 


as they should. 


composed of spicules considerably wider 
and longer than normal. Within these 
heavy trabeculae the cell outlines of pre- 
existing cartilage cells are discernible due 
to the residual blue staining intercellular 
substance, producing a mosaic of trans- 
verse and longitudinal lines. The entire 
metaphysis of the irradiated bones 1s more 
heavily ossified than the same region of the 
controls (Fig. 7). 

Im almost every section from irradiated 


. bones, a few recognizable cartilage cells are 


found incorporated within the cortical 
bone of the diaphyses several millimeters 
proximal*to the epiphyseal line (Fig 11). 
Occasionally at such a location one may 
find ‘unmistakable cartilage remnants or 
imprisoned cells distributed in linear fash- 
ion across the diaphvsis, delimiting the 
normal zone from the abnormal. In the 
light of subsequent findings this vague line 
probably represents what was once the 


epiphyseal cartilage. 

Gross measurements at this interval 
show between 1 and 1.5 mm. stunting of 
the irradiated femora. 


INTERVAL- SIX WEEKS 
g 


Six weeks after irradiation the appear- 
ance is much like that at one month. The 
cartilage colunns are still deranged; the 
matrix substance is increased and heavily 
calcified; the hypertrophied cells of Zones 4 
and 5 are large and at times atypical, con- 
taining eosinophilic cytoplasmic and nu- 
clear inclusions, and chondroclasis 1s spotty 
and incomplete. The diaphyseal bone 1s 
abnormal in pattern and within its thick 
spicules vestigial cartilage cells appear. 
Osteoblasts and osteoid tissue line the bony 
spicules and the marrow appears normal as 
to constituents (except for slight increase 
in the number of fat cells). Delicate, normal 
appearing blood vessels filled with red 


; f» 9E. MI 


I| e 832675 


=h 
= ? ~~ 


32 Charles L. Hinkel 





* " d b 2" ; i 
- : f 
Ro M j 


„AA ri 


MARCH, 943 


Fic. 8. Growing Cartilage Zones Two Months after Irradiation. Series 1. Irradiated with 600 r at thirty days 
of age (1 M.s.p.). Animal No. 303. X110. Left, irradiated; right, control. The cartilage zone is wider in the 
irradiated bone, but columnation has been restored, the cells are practically normal in appearance, and 
there are but minor differences in the two pictures. Gross measurements show 1.5 mm. stunting of the 
irradiated femur at this interval, but the growth curve has returned to normal. 


blood cells are found in approximately nor- 
mal numbers and these extend distally to 
reach the zone of chondroclasis every where 
except in the areas where cartilage has not 
been destroyed. The atypical metaphyseal 
bone is now found to extend several mill- 
meters fareher proximal to the cartilage 
zone than it did two weeks earlier. This is 
evidently due to continued or resumed 
growth activity in a distad direction. 
Grpss measurements show that in the six 
weeks since irradiation the control femora 
have grown an average of 10.1 mm. while 
the irradiated ones have grown +8.4 mm. 
(approximately 17 per cent stunting). 


INTERVAL—TWO MONTHS 


Two months after irradiation there 1s al- 
most complete restoration of the columnar 
arrangement of the cartilage cells (Fig. 8). 
The marrow appears normal even to the fat 
content. Certain residual abnormalities are 
apparent, but these are noticed only on 


careful scrutiny. They consist of: 

(a) Some irregularity in size and shape of 
cartilage cells and their nuclei, with a tend- 
ency toward large cells. Zones 4 and 5 are 
slightly wider than normal due to the pres- 
ence of one or two excess large cells at the 
bases of the columns. 

(b) Blunting or clubbing of the growing 
cells in Zone 2, which are separated by wide 
strands of matrix. 

(c) A few irregularly distributed short 
and infrequent long "cartilage tails" per- 
sist in situations where chondroclasis is 
imperfect. 

(d) The matrix is more prominent than 
normal and heavily calcified, forming dense 
finger-like processes which extend proxi- 
mally into the metaphyseal zone. 

(e) Prominent, wide, calcified trabeculae 
of new bone in the metaphysis. In this new 
bone one can no longer identify unresorbed 
cartilage cells as such, although the mosaic 
which is present suggests that they may 
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tion. Some unusual manifestations will be 
commented upon below. 


e 
es PATHOLOGIC HISTOLOGY IN 
° ANIMALS IRRADIATED 
VERY YOUNG 


In animals irradiated under one month 
of age, microscopic changes are noted as 
early as forty-eight hours after irradiation 
(1 M.s.D.). The changes are very similar to 
those described in Section 1 and will not be 
reviewed in detail. At this age the cartilage 
columns are very long and the marrow ele- 
ments and blood vessels in the metaphyseal 
zone are richer than at anv other time. For 
this reason, apparentlv, the changes are 
very marked on cartilage, new bone, blood 
vessels and marrow cells. Figure 9 shows 
marked swelling and cellular derangement 
of the cartilage and marrow. The recupera- 
tive processes, however, are most active In 
animals of this age group and these may be 
recognized within a few days of the irradia- 
tion, seemingly synchronous with the de- 





Fic. e10. Recovery after Heavy Irradiation in In- 
fancy. Irradiated with 1,000 r (2 M.s.D.) at eleven 
days of age. Section made eight months later. X 4o. 
Animal No. 86. The marrow, blood vessels and 
epiphyseal cartilage are all normal for an animal 8f 
this age. The bone trabeculae are, however, heav- 
ier than normal and a typical nest of cartilage cells 
has been incorporated into the bone at K. 
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Fic. 11. Cartilage Cells, Trapped within the Cortical 
Bone of the Diaphysis. This animal received 500 r 
at two weeks of age (1 M.s.p.). The section made 
three months later shows several well preserved 
chondrocytes (C) incorporated into the shaft (B) 
4 mm. proximal to the epiphyseal line. Animal 
No. S2. X240. 


structive effects. The rapid regeneration 1s 
most readily recognized in the marrow cells, 
which show onlv a very transient diminu- 
tion in number. Animals irradiated when 
one day of age showed 16 to*20 per cent” 
gross stunting when sacrificed three months 
later, but microscopically at necropsy the 
cartilage, bone, marrow and vessels ap- 
peared entirely normal. : 

An interesting feature in this age group 
is the tolerance of the tissues to excessively 
high doses. Animals irradiated with as 
much as 3 M.s.D. at the age of eleven days 
(infancy) developed marked stunting (as 
much as 45 per cent), yet when the bones 
were examined by section six months or 
more later there was practically no abnor- 
mality of the cartilage of the growing femur 
which had been so heavily irradiated (Fig. 
10). In such bones, of course, it 1s possible 
to find residual effects of the irradiation, 
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Fic. 12. Regeneration of Epiphyseal Cartilage. Animal No. 101 received 1,350 r at six weeks of age (1.5 M.S.D.): 
The section was made three and a half months later. X110. Left, irradiated; right, control. Club-shaped 
groups of chondrocytes (B) are growing in an environment of excess matrix. “Cartilage tails" have not yet 
been entirely resorbed (C). Zone 1 shows proliferative activity of the cells at X. 


either in the fat or fibrosis of the marrow or 
abnormallv laid down diaphvseal bone 
proximal to the cartilage zone. When these 
distinctive abnormalities are found several 
millimeters proximal to the epiphvseal car- 
tilage, 1t is assumed that these several 
millimeters of bone distal to the changes 
grew subsequent to the irradiation (Fig. 14 
* and 18). Figure 11 shows cartilaginous rem- 
nants within the diaphyses 4 mm. proximal 


to the growing cartilage. 
e 


AWIMALS IRRADIATED ONE AND ONE- 
HALF TO THREE MONTHS OF AGE 


Animals one and one-half to three months 
of age at the time of irradiation show effects 
of irradiation and changes of growth phys- 
iology intermediate between those just 
described and those of the older age group 
which will be taken up next. A typical ex- 
ample is seen in Figure 12 which is a section 
of a femur irradiated with 1.5 M.s.D. at six 
weeks of age. The animal was sacrificed 
three and one-half months later. This ani- 
mal showed 15 per cent stunting but was 


growing again at the time of necropsy. In 
spite of the obviously abnormal appearing 
cartilage zone there is gross and micro- 
scopic evidence of growth activity and car- 
tilage proliferation. There has been a defi- 
nite return toward columnar arrangement 
although the cartilage cells are clustered in 
club-shaped groups separated by wide ma- 
trix bands. The individual cells vary in size, 
shape and staining qualities, imparting a 
very abnormal appearance to the epiphys- 
eal cartilage. It is noteworthy, however, 
that chondroclasis, although impertect, is 
going on, the vascular tongues and marrow 
cells extend to Zone 4 and new diaphyseal 
bone has been laid down, imprisoning a 
number of scattered, unresorbed ghondro- 
cytes. All of these findings, together with 
grossly measurable growth in length, Jndi- 
catea partial return of the normal processes 
of endochondral growth function. When 
the interval is lengthened several more 
months before necropsy there is even more 
complete recuperation. 

In Figure 14 (low power photomicro- 


Val. ..49, No. 3 


graph) there is unquestionable evidence of 
resumption of growth and return toward 
normal histology. Here injured cartilage 
ceda form an almost complete transverse 
band across the diaphysis at C1. The ac- 
tively growing cartilage zone has advanced 
to position C2. Higher power studies of 
these two zones (Fig. 15 and 16) show the 
imprisoned and partially ossified cells of C1 
and the resumption of columnation, vessel 
invasion and osteoblastic activity of C2. 

If the dose is raised sufficiently to more 
severely injure the cells of this region, then 
this return of normal physiology is delayed. 

Figure 13 shows the interesting appear- 
ance of the abnormal cartilage zone, fatty 
fibrosed marrow, and bony sclerosis of the 
metaphyseal region in a bone which re- 
ceived 2 M.s.D. at two and one half-months 
of age. The section was made at the age of 
five months. The cartilage represented by 
bizarre cells, almost all of which are larger 
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than normal and appear hypertrophic or 
senescent. Zones 4 and § are not distinctly 
identifiable as the cells in them are of the 
same variety. The base of the cartilage zone 
is sharply outlined by a dense calcific line, 
which is also seen outlining some of the 
thick, dense trabeculae of new bone in the 
metaphysis. Within the fatty marrow only 
a few cells are seen but these do not appear 
abnormal. There are blood vessels near the 
cartilage zone but these are larger thah any 
normal vessels ever found in this location 
and appear more like vascular lakes than 
true vessels. No normal, delicate, linear, 
thin-walled capillaries are found in the 
situations in which they belong. No recog- 
nizable osteoblasts or osteoclasts are pres- 
ent in the irradiated area, and the spicules 
of new bone are not lined in the usual fash- 
ion by osteoid tissue. Serial roentgenograms 
show that this bone was stunted 9o per cent 
in the two and one-half months following 





Fic. 13. Marked Injury to Cartilage, Marrow and Blood Vessels. This animal received 2,000 r at age of two 
and a half months (1.66 M.s.p.). Section made two and a half months later. Animal No. 224. X110. Left, 
irradiated; right, control. The abnormal cartilage ef Zones 4 and § is shown at 4. A narrow line cf densely 
mineralized tissue separates the cartilage from the marrow. A similar line bounds the heavy bone tra- 
beculae (C) of the metaphysis. The marrow (Æ) is fatty. Three large lake-like blood vessels (/^) are in the 
marrow but none approach the cartilage. Growth at this time has not been resumed. 
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Fic. 14. Double Epiphyseal Line Found after Growth Resumption. Animal No. 253 received 1,500 r at three 


and a half months of age (1 w.s.p.). Section made two and a half months later. 


X9o. Left, irradiated; 


right, control. Remnants of what was probably once the active epiphy seal line at the time of irradiation 
are seen at Ci. These cells extend across what is now the diaphysis. Due to regeneration and distal migra- 
tion of the growing epiphyseal line, growth is now going on at C». Gross measurements by roentgenograms 
show that the irradiated femur is growing more slowly than the control. 


irradiation. Microscopically, however, there 
Is evidence of cellular activity and car- 
tilage growth in Zone 1, and litter mates 
of this animal which were allowed to live 
longer show more evidences of recovery. 


IRRADIATED AT AGES FOUR TO 
SIX MONTHS 


Animals treated at from four to six 
months of age react somewhat differently 
to irfadiation and present certain interest- 
ing findings. 

In this age group the amount of roentgen 
radiation required to produce measurable 
stunting is quite large (1,600—2,000 r) and, 
as might be expected, such doses cause 
marked marrow, fatty and vascular changes. 
In some cases atrophy of the marrow cells, 
increased marrow fat and destruction of 
the intraosseous capillaries are found with- 
out the production of measurable stunting. 
Doses capable of stunting growth produce 
cartilage changes in general similar to those 


of the vounger ages but the excess matrix 
calcification, formation of "cartilage tails," 
widening of the cartilage zone and disturb- 
ances of columnar arrangement are not as 
striking. Here the most marked effect is on 


Zones 1 and 2 which become almost free of 


proliferating cells, while Zones 3, 4 and 5 do 
not show much disturbance. One or two 
months later the cartilage zone looks dis- 
tinctly abnormal (Fig. 7) but the colum- 
nar arrangement is retained and by this 
time there is definite proliferative activity 
in Zones 1 and 2. At about this interval or a° 
little later it 1s purs that the cartilage | 
zone is bounded proximally and distally by" 
very dense bone. This appears to “hem in" 

the cartilage and to bound the margins of 
the trabeculae near by. These trabeculae 
are not covered by osteoblasts or osteoid 


tissue as they normally are. 


The marrow changes are not necessarily 
permanent, for in animals irradiated as late 
as four and one-half months sections two 

* 
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and one-half months later show almost 
complete regeneration of the marrow with 
pergstence of the abnormal cartilage zones. 
T*acells of the latter stain poorly and vary 
if size and shape, but tend to be larger 
than normal. Many of the bizarre cartilage 
cells contain eosinophilic cytoplasmic in- 
clusions similar to those described earlier 
(Fig. 12, 13 and 17). These unusual looking 
cells are distributed somewhat irregularly 
in an excessive amount of pink staining 
matrix substance, but there is partial re- 
tention of the normal columnation. 

The proximal margin of the cartilage 
zone in such animals is not serrated and 
invaded by marrow cells and blood vessels 
but ends abruptly in the dense transverse 
bony plate mentioned above. There are no 
true hypertrophic cartilage cells of Zones 4 
and 5 and there appears to be little or no 
activity at the bases of the columns while 
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proliferation is unquestionably going on in 
Zone 1. This is so marked in some speci- 
mens that Zone 1 constitutes almost $0 per 
cent of the entire cartilage thickness. These 
active cells are small, normal staining, 
grouped in twos and threes in the plentiful 
matrix, and bear a definite resemblance to 
hvaline cartilage cells (Fig. 18). At this 
interval there is no abnormal, newly formed 
diaphyseal bone, and the assumption is 
that little or no growth in length has taken 
place. (Gross measurements also show that 
the stunting plateau at this age 1s two to 
three months.) " 

At longer intervals after irradiation (4-9 
months) other interesting manifestations 
are found. If the dose has not been exces- 
sive there is progressive reappearance of 
the normal marrow constituents although 
some excess fat alwavs persists. 

The activity of the cells in Zone 1 appears 





Fic. 15. Photomicrograph of Zone Cı in Figure 14. 
x 260. The chondrocytes have in part been ossified 
(B) although some retain their chondroid charac- 
teristics (C). This zone is bounded by normal mé@r- 
row cells (O). There is no evidence of regeneration 
of growth among these chondrocytes and they are 
probably being converted into bone. 


Fic. 16. Photomicrograph of the Growing Epiphyseal 


Line C» in Figure 14. X260. These cartilage cells 
probably represent the survivors of the irradiation 
injury. They have migrated distally, reformed 
columns, and are carrying on the growth function. 
Vessels, osteoblasts and other marrow cells are 
clustered about the columns at X. 
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Fic. 17. Bone Irradiated Well Past the Age of Active Growth. Animal No. 62 received 2,500 r (1 M.s.D.) at the 
age of six and a half months. Section was made two and a half months later. X110. Left, irradiated; right, 
control. The epiphyseal bone is knurled and sclerotic (E); the marrow is fatty, avascular, fibrosed and sep- 
arated from the abnormal cartilage (Ci) by a densely mineralized line ( X). In spite of these marked changes 
young proliferating chondrocytes are found at C». This proliferating zone is wider and more active in the 
irradiated femur than in the control. If sufficient time had elapsed for the cells of C; to migrate, this section 


would presumably resemble Figure 14. 


to result in distal progression of the carti- 
lage zone, but 1n most cases these new cells 
fail to take on the true columnar arrange- 
ment of growing younger bones. The “‘hya- 
line-like" appearance persists with some 
tendency toward the formation of short 
columns only. Those cells farthest from the 
advancing margin are larger than those of 
Zone I, yet their septa afe not calcified in 
the rormal manner and they are not sub- 
Jected to normal chondroclasis at the bases 
of the colunns. 

Adjacent to these larger cells, instead of 
a zone of active marrow elements and bud- 
ding capillaries, there is again found the 
densely calcified, transversely lamellated 
bone which appears to segregate the carti- 
lage band from the marrow cavity (Fig. 13 
and 17). Next to this dense transverse bone, 
or often incorporated within it, there are 
remnants of cartilage cells which appear to 
have had calcium deposited about them. 


Throughout this terminal diaphyseal bone 
the pattern of pre-existing chondrocytes is 
so clear as to suggest that the non-resorbed 
cartilage cells of the growing epiphyseal 
line served as the nidi for the building of 
new bone (Fig. 18). 

Proximal to the advancing cartilage zone 
in many bones one finds a great number o 
easily recognizable ghost-like cartilage cells. 
These in some cases are closely packed or 
arranged in short columns. Occasion£lly 


such a band of obsolete chondrocytes . 


stretches almost all the wav across the 


marrow cavity, forming a secondary, inac- * 


tive epiphyseal line (Fig. 19). When one re- 
calls the evidences of deficient chondrocla- 
sis in young bones it is not difficult to ap- 
preciate that these cells are the remnants 
of the previous epiphyseal line, the surviv- 
Ing components of which have now mi- 
grated distally. Most or all of these cells 
left behind are presumably dead, but due 
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to deficient chondroclasis they were not 
removed and served as a framework for the 
deposition of new bone, into which they are 
new incorporated. 

. In fetrospect and by careful searching I 
have found evidence of this proximal 
"ghost epiphyseal line" in a great many 
specimens. It is a fleeting finding in young 
bones where recovery and reparation are 
rapid, but persists for months in older 
animals which received doses sufficient to 
stunt the bones without producing perma- 
nent growth cessation. 

If the dose administered is too great (2 
or more M.s.D. at an age past the period of 
active growth), the injury to all the cells 
may prove to be too severe to permit recov- 
ery. In such cases, even as long as six or 
eight months after irradiation, sections 
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Fic. 18. Metap/vseal Bone Formed after Irradiation 
in Adult Life. Vhis animal received 2,500 r at four 


months of age (1.5 M.s.D.). Section made six 
months later. Animal No. 111. X110. The advanc- 
ing cartilage (top) is trailed by cells resembling 
hyaline cartilage (4). The marrow is cellular but 
hypovascular. The heavy trabeculae of bone con- 
tain islands of chondrocytes (B) which are being 
ossified. Gross measurements show that this bone 
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disclose non-vital cartilage bounded bv de- 
vitalized, sclerotic, friable bone and fatty, 
fibrous, avascular marrow. In bones thus 
injured, gross measurements and micro- 
scopic evidence together indicate veritable 
sterilization of growth function (Fig. 20). 


CHANGES IN NON-CARTILAGINOUS 
ELEMENTS 


Osteoblasts 


The cells known as osteoblasts, hich 
normally lie end to end about the periph- 
erv of the newly forming bony spicules 
subjacent to the cartilage zones, are worthy 
of special attention. The function of these 
cells remains a source of controversy, and 
for this reason it is well to note the effects 
of roentgen irradiation upon them. 

Four or five days following administra- 





Fic. 19. Double Epiphyseal Line. Another portion of 
the same bone shown in Figure 18. X60. Here 
there are clearly two epiphyseal lines, one actively 
growing (X), and one incorporated into a trans- 
verse chondroid-osseous transverse barrier (B). 
Few vessels are seen in the fatty marrow (0). 








has grown several millimeters since irradiation. 
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Fic. 20. Roentgen-Induced Sterilization of Growth. This animal received 3,000 r at four months of age (2 M.s.D.) 
after the period of most active growth. Animal No. 105. X110. Section made six months later. Leff, ir- 
radiated; right, control. Devitalized cartilage (X4) lies within a wide zone of mineralized but not ossified 
matrix. The cartilage band (.X?) contains only a few cells which have migrated a short distance toward the 
epiphysis (E). Although some of these are well preserved (C), there is no proliferative activity. This appear- 
ance, together with gross measurements, indicates cessation of growth. In the control, the heavy ossified 
trabeculae (4) and irregular epiphyseal cartilage are normal at this age (ten months). 


tion of I M.s.D. to animals one month old 
there is a definite change in the osteoblasts. 
Thev become separated from their bonv 
bases and lie free in the marrow cavity. 
Frequently they are swollen, granular and 
eosinophilic, but some appear flat and 
pyknotic. Commonly these more or less tri- 
angular cells are found clustered about a 
small blood vessel, where they resemble 
* ordinary fibroblasts or immature connec- 
tive tissue cells (Fig. 2, 3 and 4). The num- 
ber of cells which can be identified as osteo- 
blasts by their situation, shape and staining 
qualigies is markedly diminished. At this 
time there is a notable scarcitv of the non- 
calcified organic “‘osteoid tissue." 

In the ensuing week or ten days there is a 
definite return toward normal both in num- 
ber and situation of these cells. Their reap- 
pearance parallels the regeneration of the 
marrow cells. 

Three weeks after irradiation of this mag- 
nitude finds the osteoblasts normal in sec- 
tion. They now again form the peripheral 
zone of cells about the bony spicules. In 
addition, however, they envelop the above 


mentioned strands of calcified matrix and 
islands of unresorbed cartilage cells found 
trailing after the advancing epiphyseal line. 
When osteoid tissue is deposited upon such 
a sturdy framework and is converted into 
new bone, the latter is broader and heavier 
than usual. This is a possible explanation 
for the heavy dense trabeculae of meta- 
physeal bone described above (Fig. 7). Gall, 
Lingley and Hilcken,” who also noted this 
heavy new bone, prefer to explain this on 
the basis of increased osteoblastic activity. 

After higher doses and in older animals, 
the reappearance of these cells is slower and 
often deficient. In such bones, examimed 


several months after irradiation, it is com- , 


mon to find the metaphyseal bone com- 


pletely bare of osteoblasts and osteoid. Un- « 


cartilage are rimmed by densely mineral 


der these conditions the bone and®ften a 


ized material totally different from thé dep- 
osition of normal new bone (Fig. 17). 

One must be careful to differentiate be- 
tween mineralization of matrix substance 
and true ossification.??^*? When we spoke of 
excess mineralization in the early phases of 


fi, 


_this paper we meant Just that, and not in- 
creased osteoid formation or true ossifica- 
tion. 


yGrowth in the Absence of Osteoblasts 
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in the bones receiving enough roentgen 
ə rays to practically sterilize cellular activity, 
cartilage cells and matrix substance became 
heavily calcified, forming a dense, friable 
layer of pseudo-bone proximal to the epi- 
physeal line (Fig. 20). Here there are cer- 
tainly no functioning osteoblasts, and no 
evidence that any have been present since 
their abolition by the roentgen rays. With 
«he exception of the cartilage cells which 
were not resorbed, the fat cells and ordi- 
nary connective tissue elements, there are 
no cells which could conceivably take part 
in the transition to bone. Dawson" has de- 
scribed direct change from cartilage to bone 
in old rats, and Dodds and Cameron" have 
written of similar changes in healing rachit- 
ic bones. It is quite possible that this is the 
process in operation here. The wide, dense 
heavily calcified transverse band of friable 
material, also described by others,” 1s not 
true bone, but it has formed, presumably 
after irradiation and without the assistance 
of osteoblasts or the preliminary laying 
down of osteoid tissue (Fig. 13, 18 and 19). 
In the bones showing two distinct epiphys- 
eal lines, separated from each other by 1 or 
2 mm., itis assumed that this small amount 
of growth in length occurred as a result of 
mere calcification in thewake of the advanc- 
ing epiphyseal line. 


VASCULAR CHANGES IN ROUTINE 
SECTIONS 
Each section was studied with special 
reference to blood vessels. There are, how- 
ever, certain weaknesses of such a study: 
e(1) the section may be taken at such a level 
s to strike more or less vessels than are 
found in the control; (2) the vessels are 
delicate and difficult to identify; (3) many 
can be recognized only by the red blood 
cells within them; (4) 1n thin sections the 


cells are often washed out during the tech-* 


nical procedures involved in preparation of 
the slide. 
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The extra-osseous blood vessels are af- 
fected in the manner previously described 
in the skin and elsewhere.!17?3 These 
changes are limited to the intima and media 
and in no instance is there any appreciable 
decrease in the lumina or evidence of 
thrombosis or stenosis of the femoral or 
tibial vessels. 

A. Low Dosage in Young Animals. The 
intra-osseous vessels show some engorge- 
ment and diapedesis or hemorrhage ae few 
days after 1 M.s.p. (Fig. 3). After an inter- 
val of a week no abnormalities can be made 
out. After two weeks, in the majority of 
sections there is an apparent Giminution in 
the number of delicate end capillaries 
which reach the bases of the cartilage col- 
umns, although the vessels found in this 
location appear normal in caliber, content 
and function. It is interesting that the areas 
of most marked cartilage disarrangement 
and deficient chondroclasis (i.e., the cen- 
tral portion of the growth zone) are also 
the areas in which the vessels are scarce or 
absent. 

A month or more after irradiation of this 
degree, distinct abnormalities of the vas- 
cular svstem are no longer apparent. 

B. Heavy Irradiation. In the bones re- 
ceiving higher doses, especially in the older 
age groups, there are marked vascular 
changes even as late as eight months after 
irradiation. These alterations vary from a 
barely perceptible diminution m number 
and caliber to almost absolute avascularity 
in the irradiated areas. Hemosiderin de- 
posits are frequent. Many of the bones 
showing the fatty, fibrosed marrowg de- 
scribed above, exhibit only tiny thin-walled 
vessels which course through the fat at 
wide intervals, never approaching the car- 
tilage zone (Fig. 17). In bones showing the 
"double epiphyseal line" it is common to 
find the vessels larger than normal proxi- 
mal to the original epiphvseal line but 
scarce or absent distal to it. At long inter- 
vals after irradiation it is common to find 
the vessels of the diaphysis forming large 
thin-walled vascular lakes which cause an 
apparent increase in vascularity (Fig. 15). 
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By closer inspection, however, one finds 
that the number of vessels running longi- 
tudinally as well as their average caliber is 
diminished. In the bones subjected to large 
doses, it is generally true that if the marrow 
cells have regenerated the blood vessels are 
relatively normal. There are some instanc- 
es, however, in which the marrow appears 
healthy and only an occasional vessel is 
found approaching the cartilage which is 
sepafated from the marrow by the above 
mentioned densely calcified transverse wall. 

A more careful and adequate study of the 
size, distribution and number of blood ves- 
sels in the metaphy seal regions of irradiated 
bones will be subsequently reported. 


DISCUSSION OF POSSIBLE 
MECHANISMS INVOLVED 


Probably the histopathological changes 
can best be explained on the basis of an im- 
mediate direct effect and a secondary or in- 
direct influence. 

Direct. It appears logical to assume that 
the early manifestations of swelling, granu- 
larity and loss of columnar arrangement 
noted very soon after exposure to roentgen 
rays are manifestations of direct irradiation 
effects upon the cartilage cells themselves. 

Direct effects may also account for the 
increased amount and granularity of the 
intercartilaginous matrix substance. The 
reason for the excessive precipitation of 
minerals if the matrix and intercolumnar 
septa is not clear. It may be due to a change 
in hydrogen ion concentration, but as 
Rous?” has pointed out the pH of cartilage 
is passively determined by its environ- 
ment. It has never been possible, either by 
electrodes or vital dyes, to determine nor- 
mal pH values for the various components 
of the complex growth zones, and we can 
therefore only assume that roentgen irra- 
diation may alter these values. Kleinmann? 
has stated that increased alkalinity is pres- 
ent in devitalized tissues, which change 
favors the precipitation of calcium salts. If 
one accepts the common theory that hyper- 
trophic cartilage cells augment mineral 
deposition, then the large vacuolated cells 
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of Zones 4 and 5 described above, plus a 
possible shift toward alkalinity, may offer 
the explanation for the precocious mineral- 
ization here noted. "4 

There is no reason to doubt that*tlfe ef- 
fect upon the end capillaries is a direct one. 

It is also probable, but not certain, that 
the damage promptly inflicted on the mar- 
row cells (including the osteoblasts) is a 
direct effect. 

The temporary retardation of growth by 
roentgen irradiation produces certain modi- 
fications apparently identical with those 
“lines of growth arrest" 


the bone changes in acute infections, states 
that "any case presenting arrested growth 
will display an increased deposition of cal- 
careous matter in the transoms of the cal- 
cified zone and in the transverse trabeculae 
of the adjoining osseous zone." He also 
writes, "the line of growth arrest becomes 
incorporated in the diaphvsis as soon as 
growth in length is reestablished." One can 
see at once that these statements apply also 
to the stunting caused by roentgen irradia- 
tion. How much is a direct and how much 
an indirect effect must remain conjecture. 

Indirect. Due to the decreased size and 
number of blood vessels, there is not only 
a relative anoxemia but also interference 
with mechanical erosive function. This is 
clearly evidenced by failure of the vessels 
to invade the large cartilage cells in Zone 5. 
When the vessels deviate from their normal 
direction and run obliquelv or transverselv 
through the metaphysis, the functional ef- 
fect is shown by deficient cartilage and 
matrix resorption and in the subseqvfent 


deposition of new bone. Cartilage and ma-. 


trix prolongations and islands found in the 
metaphysis after the epiphyseal line has* 
migrated distally correspond to avascula 
areas not penetrated by vessels. Perhaps 
the capillaries cannot gain access to the 
cartilage because of the heavily calcified 


matrix, but it appears more plausible to 


assume a direct action upon the vessels. 
These unresorbed cartilaginous remnants 
bear a close resemblance to those found in 


resulting from 
= E 
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other causes. Harris," in his description of 
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identical situations in healing rickets. These 
latter have been described by Pappenhei- 
mer,® Dodds and Cameron,!* and Park. 
TA my, knowledge they are found in no 
other condition. This justifies at least the 
tentative suggestion that some of the mech- 
anisms involved may be the same in both. 
Whereas Dahl!? considers these prolonga- 
tions after irradiation to be the result of 
cartilage proliferation toward the diaphysis 
I believe they are more satisfactorily ex- 
plained on the basis of deficient chondro- 
clasis incident upon vascular sclerosis and 
hypoplasia. 

The amount and type of diaphyseal and 
metaphyseal new bone is indirectly modi- 
fied by roentgen irradiation. It is directly 
influenced by the number, distribution and 
functional condition of the osteoblasts and 
the structural framework upon which they 
deposit osteoid. When, as a result of defi- 
cient -chondroclasis and osteoclasis this 
framework is coarse, then the new-formed 
trabeculae are heavy, irregular and encom- 
pass remnants of chondrocytes and matrix. 
This interpretation differs from others who 
attribute the increased widths of trabeculae 
to overactivity of the osteoblasts. 

Subnormal resorption of metaphyseal 
trabeculae was reported in rats after long 
continued injection of estradiol benzoate.¥ 
This produced a metaphyseal picture some- 
what similar to the above, but chondro- 
clasis was not disturbed. A-dense thicket of 
metaphyseal matrix substance heavily im- 
pregnated with calcium and lead phosphate 
is found in lead poisoning, while after 
phosphorus ingestion an excess of meta- 
physeal bone is present.2-*! These condi- 
‘tions in some ways simulate the post-ir- 
radiation changes described above, but 


"there are gmportant differences which pre- 


ent the advancement of even a common 
theory to account for all. 

When osteoblasts are deficient or absent, 

no osteoid tissue is found about the periph- 


ery of the longitudinal metaphyseal spic-, 


ules. Calcified material is laid down, how- 
ever, usually in a transverse band in juxta- 


position to the bases of the cartilage col- 
. 
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umns. Under such conditions cartilage cells 
having the morphology of hyaline cartilage 
appear to be directly converted into bone, 
but the major portion of the brittle, calci- 
fied material is almost completely acellular 
and avascular and should be considered as 
"pseudo bone." This zone is weak and 
prone to break.” 

Cartilage cells possess amazing powers of 
regeneration. Even after doses of roentgen 
radiation producing fatty marrow fibrosis, 
cessation of growth in length, obliteration 
of end capillaries and dense impenetrable 
barriers of pseudo bone which presumably 
cut off communication and nutrition, young, 
actively growing cartilage cells are found 
in Zone 1. If a sufficiently long time is al- 
lowed to elapse the surviving cells regen- 
erate and migrate distally to form a new 
functioning epiphyseal line. 

In the interval after irradiation there 1s a 
very close correlation between blood vessel 
recovery or regeneration and return of 
various growth functions. When the vessels 
appear normal, the marrow cells and osteo- 
blasts also appear normal. Under these con- 
ditions, too, chondroclasis and osteoclasis, 
new bone formation and growth in length 
all progress physiologically. The return to 
normal histology 1s much more prompt in 
young animals and in the portions of the 
cartilage plate closest to the periosteal 
vessels. In older animals receiving doses 
high enough to practically destrÓy the ves- 
sels and marrow cells, chondroclasis, bone 
resorption, columnar arrangement and true 
osteoblastic bone"formation are absent or 
strikingly deficient several months subse- 
quent to the irradiation. 


CONCLUSIONS 


Roentgen rays in sufficient quantities 
produce definite and characteristic micro- 
scopic changes in the epiphyseal cartilages 
of growing rats. The microscopic abnor- 
malities become evident before there is ap- 
preciable interference with growth. Stunt- 
ing, when it occurs, is apparently the result 
of temporary retardation or cessation of 
cartilage growth in a distal direction. This 
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is no doubt due to a direct effect upon the 
dividing cells, and produces a “line of 
growth arrest," such as has been described 
following acute disease in early childhood. 
Other more lasting secondarv effects are 
explained on the basis of injury to vessels, 
osteoblasts and marrow cells. 

The histopathological changes in every 
instance are dependent upon the interre- 
lated factors of dose, age and interval after 
irradiation. At various intervals, governed 
by these factors, cartilage abnormalities 
result, which persist for variable lengths of 
time. Then follow regeneration and resump- 
tion of growth. The cartilage cells, which 
grow and migrate distally, tend to resume 
their normal relations with each other so 
that months later the abnormal appearance 
is lost. 

After relatively low doses, particularly in 
voung animals, histopathological changes 
appear promptly and are followed by al- 
most complete subsequent return to normal 
microscopic morphology. In such cases 
growth proceeds in a physiological manner 
and at a rate approaching normal. After 
high doses in the older age groups, abnor- 
malities appear later and last longer. Under 
these circumstances the quantities of roent- 
gen ravs required to inhibit growth also 
induce such marked changes in supporting 
tissues, bone marrow and blood vessels that 
if cartilage regeneration occurs it is incom- 
plete and growth remains subnormal. 

The amount of osteoclasis and chondro- 
clasis, which occurs proximal to the advanc- 
ing line of cartilage columns, and the de- 
gree$of normal anatomical restitution are 
directly proportional to the completeness of 
marrow and vascular regeneration. 

The processes of chondroclasis and osteo- 
clasis are deficient when the marrow cells 
and vessels are seriously injured. As a result 
of this, cartilage cells persist as such far 
from the growth zone and become em- 
bodied in the newly formed bone, where 
they may be found months later. 

Osteoid deposition and true osteogenesis 
do not appear to take place in the absence 
of osteoblasts. When osteoblasts are absent 
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and cartilage growth has been resumed 
there 1s evidence that peculiar acellular. 
brittle "pseudo bone" is formed. In some 
situations it appears that bone is fornged 


a T à e 
from modified cartilage cells. TT Ul 


In all instances, there is augmentation of 
e 


mineral deposition in the matrix substance 
soon after irradiation. The metaphvseal 
region of bones growing after irradiation 
contains more mineral and more bone than 
normal. 

The growth impetus is so strong in the 
cartilage cells that even when they are ab- 
normal in appearance, apparently impris- 
oned within sclerotic bony barriers and ly- 
ing in a practically avascular environment, 
they grow toward the epiphysis. The power 
to regenerate is retained even after very 
large quantities of roentgen rays. 

Blood vessels are markedly reduced in 
number and rendered irregular in caliber 
and distribution by doses seriously affect- 
ing the marrow cells in general. This is most 
marked following large doses in older ani- 
mals. After smaller doses and in younger 
animals, they are less severely affected and 
regenerate much more rapidly and com- 
pletely. 

Normal cartilage cells are large in size 
and are arranged in orderly columns so that 
abnormalities are readily recognized. For 
these reasons growing mammalian epiphys- 
eal cartilage appears to be an excellent bio- 
logical medium for the study of roentgen- 
ray effects. Study of the modifications 
induced in cartilage growth, matrix miner- 
alization, osteogenesis, chondro- and osteo- 
clasis, and blood vessel invasion may con- 
tribute to an understanding of the dynamics 


and physiology of bone growth. í 


I wish to express my appreciation to Dr. Ross 


Golden, Dr. A. M. Pappenheimer and, Dr. A. p." 
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CONTRIBUTIONS OF ROENTGENOLOGY TO THE 
DIAGNOSIS OF CHRONIC CONSTRICTIVE 


PERICAR DITIS* 


° By HAROLD J. STEWART, JOHN R. CARTY, and JOHN R. SEAL 


NEW YORK, NEW YORK 


HE interest which has been aroused in 

this country by the demonstration 
that surgical removal of the pericardium 
offers relief to the majority of patients suf- 
fering from chronic constrictive pericardi- 
tis has led to the recognition of increasingly 
Jarge numbers of patients with this disease. 
The literature during the past decade has 
contained numerous reports on the clinical 
features, pathologic physiology and surgical 
technique which have greatly increased our 
knowledge of its various aspects and con- 
tributed towards its recognition. This 
recognition in many cases 1s not too diffi- 
cult, especially when the triad which 
Beck^* has pointed out, namely, “The 
small quiet heart, high venous pressure, 
ascites and hepatomegaly,” are present. In 
many cases where the size of the heart is 
above the normal limits, or in the occa- 
sional case with coexistent disease of the 
cardiovascular system of other nature, the 
diagnosis is more difficult and usually the 
burden of differential diagnosis falls to 
large measure on the roentgenologist. As 
only a few radiologists have had oppor- 
tunity to study a sufficient number of these 
cases to allow comparative studies, the 
roentgenological literature is not large and 
further additions to it appear warranted. 
White,? in a comprehensive review of 
the literature prior to 1935, attributes the 
original description of chronic constrictive 
pericarditis to Lower in 1669 and the first 
*antemortgm diagnosis to Kussmaul in 1873. 
ick, in 1896, reported in detail on 3 
cases and gained the first widespread recog- 
nition for the disease to which his name is 
often applied. In 1898, Delorme’ insisted 
from a study on cadavers that surgical re- 
moval of the pericardium would one day 


bring relief to those suffering from the dis- 
ease, but it was not until 1913 that Rehn?? 
and Sauerbruch? independently and suc- 
cessfully performed this operation. Schmie- 
den??:?*?» and associates, beginning 1n 1917, 
have reported on 22 cases in which the 
operation has been performed. Schmieden 
and Volhard” in 1923, discussed the diag- 
nosis and pathologic physiology, applying 
the phrase “inflow stasis" to the primary 
defect in the circulation. This work was 
later amplified by Schmieden and Fischer,” 
who included a summary of the roentgeno- 
logical observations in 8 cases, pointing out 
that the cardiac silhouette may be enlarged 
by the thickened pericardium itself, that 
there may or may not be calcification of 
the pericardium, and that the latter con- 
dition need not be associated with con- 
striction of the heart. 

In 1929, Churchill’ reported the first 
successful operation for removal of the 
pericardium in chronic constrictive peri- 
carditis to be carried out in this country. 
Beck and Griswold! reported similar suc- 
cess the following year. These reports 
initiated the interest which has Been mani- 
fest in this disease since that time. The 
etiologv in the majority of cases remains 
unknown but ttiberculosis undoubtedly 
plays a large róle,?^?!5 as does pneuntonia 
and empyema.’ The clinical and patho- 
logical aspects have been well established 
largely through the work of Beck,'??^ 
White,?3? Blalock,^" Burwell* and their 
associates, and Stewart and Heuer.!^??.30 
They point out the long standing venous 
engorgement, dvspnea, ascites with hep- 
atomegaly, weakness, and sometimes 
edema, which characterize the clinical pic- 
ture and most of them stress the “‘small, 


* From the Departments of Medicine and Radiology of the New York Hospital and Cornell University Medical College, New York. 
Presented at the Forty-second Annual Meeting, American Roentgen Ray Society, Cincinnati, Ohio, Sept. 23-26, 1941. 
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quiet heart" as an outstanding feature. 
Beck? has also pointed out the confusing 
terminology and descriptions in the litera- 
ture and texts dealing with diseases of the 
pericardium which have been brought 
about through the concept that adhesions 
between the heart and neighboring struc- 
tures may produce dilatation, hypertrophy, 
and failure of the heart. Experimental and 
anatomical studies have failed to support 
this concept and it is his opinion that con- 
striction of the heart is the only means by 
which pericardial disease can cause dis- 
turbance of, the heart or circulation. 
Sprague? pointed out the frequency with 
which a completely adherent pericardium 
is an unimportant finding (. 
the cases in a series of 1,900 autopsies at 
the Massachusetts General Hospital) and 
others have made similar observations in 
reference to both adhesions and calcium 
deposits." Burwell and Flickinger, Beck 
and Cox, and more extensively, Stewart 
and Heuer,???* have studied the abnormal 
circulation which results from compression 
of the heart and interference with its dias. 
tolic filling. The latter authors were able to 
studv 9 cases before and after operation; 
thev found that before operation the arterio- 
venous oxygen difference was increased, 
the minute output of the heart, the cardiac 
index, and the stroke volume were de- 
creased, the venous pressure elevated, and 
the circula tiun time prolonged. After opera- 
tion these measurements approached or 
attained normal levels. Schmieden and 
associates, ^95 Churchill? and White and 
Chufchill?* Burwell d Blalock 5-6.7 
Beck! 2? and Heuer and Stewart! have 
reviewed the surgical aspects of the disease 
in detail. In 1937, Heuer and Stewart" 
were able to collect 150 surgically treated 
cases (including 7 of their own) from the 
literatuce. Thirty-five per cent of these were 
reported as cured, 18. 0 per cent as im- 
proved, and in only 1.3 per cent was there 
no improvement. 

The more important studies in the roent- 
genologic aspects of the disease have been 
made in the last six years. White,? report- 
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ing I5 cases of chronic constrictive peri- 
carditis, summarized the roentgenologic 
features as follows: 


The heart was normal in size in 7 indolis . ' 


to moderately enlarged in the remainder. The 


shape varied greatly from normal to so-called o 


mitral configuration with prominence of the 
left upper border, and in 3 cases there was indi- 
cation of left auricular enlargement (two of 
these had auricular fibrillation). The amount 
of pulsation varied widely from fairly free on 
both sides to little or none anywhere. It was 
quite a common observation to observe free 
pulsations of the cardiac apex and left border 


with no pulsation at the right border (which* 


would extend a little too far to the right with a 
hazy outline). In most cases there was an in- 
crease in the supracardiac shadow, apparently 
due to dilatation of the superior vena cava and 
to mediastinal involvement or displacement. 
The lung hilar shadows were increased in 9 of 
these cases. In 6 a clue was presented by the 
finding of considerable pleural thickening. The 
heart itself was more or less anchored in six 


cases with or without restricted movements of 


the diaphragm on one side or the other. Peri- 
cardial calcification was noted on x-ray in 6 of 
the 15 cases but before operation in only 3 of the 
12 cases that were operated upon. The presence 
of calcification is a helpful confirmatory sign 
but it is usually absent and when present it does 
not mean Pick’s disease if there are no other 
evidences. 


Johnson’ was first to observe that the 
roentgen kymogram was of value in con- 
firming the diagnosis of a case of chronic 
constrictive pericarditis, and Griswold” 
with a similar experience suggested that by 
measuring the increase in pulsations the 
technique might be of value in estimaging 
the effectiveness of the surgery. Scott and 
Moore? also found the same characteristic 
diminution of pulsations in a case of active, 
tuberculous pericarditis. s 

Roesler,” analy zing the literature and 
from his own experience comprehensively 
discussing the various roentgenologic fea- 
tures of chronic constrictive pericarditis, 
points out the various anatomical changes 
which underlie the changes seen in the 
roentgenogram and the factors which in- 


fluence the signs obtained bv roentgenos- . 


e 
Ld 
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copy and kymography. Attention 1s called 
to the observation that while in most in- 
stances there is a diminished amplitude of 
pMsatjon, in others pulsations of normal 
nu 1 or of greater than normal am- 
plitude are present. In this latter group of 
cases there is no increased amplitude over 
the great vessels but rather a striking 
diminution, and measurements have shown 
that the cardiac output is diminished de- 
spite the apparent amplitude of contrac- 
tion. This phenomenon is attributed to an 
altered manner of contraction in that the 


. longitudinal contraction of the ventricular 


cone is interfered with by adhesions and 
this reduction of movement 1s compensated 
for by increased marginal contractions. 
These increased pulsations are most often 
observed over the left lower border where 
the pericardial scar is usually thinnest. It 
is also pointed out that the commonly 
sought signs of shifting of the anatomical 
axis of the heart with respiration and 
change in position are of diminished value 
in those cases with large hearts or where 
there are diminished excursions of the 
diaphragm. 

Freedman,!?" in studies of 26 cases of 
chronic constrictive pericarditis, divided 
the roentgenologic signs into those based on 
the effect of the pericardial scar on con- 
figuration, size, and pulsation of the heart; 
those caused by adhesions between the 
heart and neighboring organs; and to those 
related to calcium deposits. In 16 of these 
cases the heart size was normal or slightly 
smaller than normal, in 8 it was moder- 
ately enlarged, and in 2 greatly enlarged. 
One of the last group at autopsy had a peri- 
cardium varying from 2 to 26 mm. in 
thickness, and in none of the 6 cases who 
came tq autopsy was the heart weight 
above normal. The configuration in 13 
cases was triangular, in 8 globular, and in 
5 was either of the mitral or aortic type. 
Normal subdivision of the left or right 
aortic arch was almost always absent and 
obliteration or marked flattening of thé 
aortic knob was the most constant sign, 
being present in 21 cases. Other important 
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findings were unchanging contour of the 
heart on respiratory movements and dim- 
inution or absence of pulsations, although 
there were occasionally pulsations of nor- 
mal or increased amplitude over certain 
portions of the heart. Extrapericardial ad- 
hesions were demonstrated best by roent- 
genoscopy and it was believed that the 
most satisfactorv sign of all was fixation of 
the heart in the midline during respiratory 
movements with the patient in the lateral 
recumbent position. At times adhesions 
between the pericardium and sternum were 
demonstrable in lateral roentgenograms, 
and in most cases there was Increased den- 
sity of the mediastinum interpreted as 
indicating chronic inflammation and fibro- 
sis. Kymographic examination was felt to 
hold no specific diagnostic value but was 
used rather for an objective record of pul- 
sations to which postoperative improve- 
ment in pulsation could be compared. The 
lung fields were normal in § cases, 16 had 
pleural effusion, g had evidence of chronic 
passive congestion, 3 had chronic pulmo- 
nary tuberculosis,and in 1 there wassilicosis. 
The contour of the diaphragms was normal 
in only 6 cases, in the others it was either 
obscured by effusion or was irregular and 
flattened by adhesions. Calcium deposits 
were demonstrated in g of the 26 cases. 
Postoperatively, marked changes were 
never found. In some, the heart size was 
larger and in all, the pulsatiofis were in- 
creased over part or all of the circumfer- 
ence. In conclusion, the author states, 
"the most conclfisive sign of cardiac com- 
pression is calcification which is presént in 
only a minority of the cases. When calcifi- 
cation is absent several of the more im- 
portant signs must be combined to arrive 
at an accurate diagnosis and in any case 
the careful correlation of clinical and roent- 
genological evidence is necessary. The heart 
is usually normal or smaller than normal, 
never large enough to confuse with the 
large shadow seen in the roentgenogram of 
the dilated, failing heart. When shght to 
moderate enlargement is present it 1s 
usuallv due to the thickness of the peri- 















































































































































































































































cardium, to underlying valvular disease or 


other 


Cause 


of hypertrophy 


of the 


heart. . . ." A recent report by Harrington 
and Barnes" is of interest from the roent- 
genologic standpoint because of the un- 
usually high percentage of 6 out of g cases 
in which calcium in the pericardium was 
found in roentgenograms. 

















































































































































































































e 
SUMMARY OF CASES NOW BEING RE- 
PORTED TOGETHER WITH THE 
CLINICAL CHACTERISTICS 


Since 1935, 16 cases of chronic constrict- 
Ive pericarditis have been seen at the New 
York Hospital; 14 of these had pericar- 
diectomy performed at this Hospital and 2 
came to operation elsewhere (Beck and 


v 
. 
ERY: Harold J. Stewart, John R. Carty, and John R. Seal MARCH, 1943 
TABLE I.—suMMARY OF THE MAIN CLINICAL AND LABORATORY’ 
z E E | | | | | ‘ 
a e Sg =. 
€ 5 Yow Oa 
3 E aa : at a c " l z 
Case | a B | 830 | z^ aps E E | .$ | 5 | $3. 
and Age | Dura- A | Zo o Fa . Chief EE. £ |g > Cr | o2 
History | and | tion | ue | 2 | Spe | a8 Symptoms SA y> = - , S 
No. Sex os or ? a. d. gu d E Eps = T = 
DE oe | Pee ear es E E RS = E g = £ 
Se | 2 | 202 | $8 ob} | 8 | St] g S as | = E | es 
25 | 23 | 259 | Be Sa | S »123$| 3 2 a | 3 © z 
T mE | BAS ms > a € AL pe fs A | < i & 
Case I 29 l yr. o o o Dyspnea, weakness, ^ o + + + + | + T T + | + 
A.R. ? | swelling of abdomen | | 
#91648 
Case r1 36 21 yr o o + o Dyspnea, edema, o + =- -+ o o e | 5 + T 
W.M. Me precordial discom- | 
#103699 fort | 
Case 11 29 9yr. | o o + o | Epigastric discomfort o + T | - | 6 + | + o | o | + 
C.G. M | and swelling on ex- 
#07484 ertion | 
Case IV 36 8+yr o o o o Dyspnea, swelling of o J- + | + | + | + + EE + 9 + 
P. M | abdomen, edema | | | | 
#155618 | | | | | | 
— «4 _————— M D : —— — —Ó —— — — ee —— —— eee 
Case v IS 54 yr + | + o o | Dyspnea, swelling of o S | o + | o | o | = | o o + 
A.B. F | abdomen, weight loss | 
#28323 | | 
Case VI 44 lyr -- o o o Swelling of abdomen, o o + + + T | sf T + Ex 
P.A- F edema | | 
7141257 | | | 
Case vi 20 1] yr. o o o -+ | Dyspnea, swelling of | o t + c + + + o o + 
J.MecC. M abdomen 
#128763 
Case VII | 38 6 yr. o o T o | Swellingof abdomen, | o + Es is i F + T T cT 
>. F | | edema 
#169168 | 
Case Ix 58 6 yr. o o o o | Dyspnea, edema o o c ES + o + T + a 
R.5. M 
#185223 | 
BER, See aa INEO: IRR RESI XX SMS EE — — — 
c X 52 7+ yr. ? ? | + ? Swelling of abdomen o o | + | + + | o + + o + 
iS. M | | 
#232001 | | 
pu XI 22 13 yr. o o -+ o | Dyspnea, edema o ue c E -+ ES ES o Ez + 
B. M | | 
#233623 | | - 
Case XII 42 8 yr. ? o v ? Edema, dyspnea o + E + + + T T -+ + 
P.M. M | 
#273718 
cae XHI | so (|?15 yr. | o o + ? Edema, dyspnea o 4 ES 4 + | + + T 4 T 
7B. M 
#268178 
— e- ; ————————— — M —ÓÁ—— MÀ — — — —— —— n —— —P 
Case XIV 46 6 yr. o o o + Swelling of abdomen, o + + + E -+ T- bou | o * 
W.H. M | | edema | 
#272368 | | 
Case Xv 17 | I yr. o o o o Dyspnea, swelling of ? + 4. + o o | + Tej m T 
F.H. M | e abdomen 
#290024 | 
Case XVI 7 à yr. o o o o Dyspnea, swelling of ? + + + o + + T het + 
EC. M abdomen 
#200121 | | 
* N.S.R.=normal sinus rhythm. 
A.F  =auricular fibrillation. . 
In this table as well as in Table it o =absent, + — present, ? - questionable, + =borderline, and — —observations not made or could not be determined. e 
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e FEATURES IN CHRONIC CONSTRICTIVE PERICARDITIS 
e 
* 
. ELECTROCARDIOGRAPHIC CHARACTERISTICS Length 
* Blood |TM Size a Venous | Cardiac | Cardiac ou Clinical 
Pressure # of Heart Time | Pressure | Output | Index | Gbserva- Result 
, RS Shift tion 
Axis Q T Waves " 
à Rhythm* Devia- | Complexes | yeads 1, m | Of Elec 
tion and I and rnt Axis 
112/74 | Normal N.S.R. | Slight | Low Low II Increased | Increased | Decreased | Decreased | 5 yr. Cure 
right | amplitude | amplitude 
115/70 | Normal N.S.R. | Right | Low. I and mr o? Increased | Increased | Decreased | Decreased | 5 yr. Cure 
amplitude | negative T 
XD Mu WM CMM IMEEM MS DUNT SENE MEME PNEU MENTITUS 
100/80 | Moderately | N.S.R. | Slight | Low ir and nr o? Increased | Increased | Decreased | Decreased |. 1 yr. Death from pul- 
enlarged right | amplitude | negative, monary emboli 
: cove sha 
— 9e nM € ——NÀ— rt M] À—— X — — € MÀ. ÓÀQÀ t€ Ó—$À O aa a a à e s |a M [ere m ——M n —À — | 
100/68 | Normal A.F. None | Low Low s? Increased | Increased ~~ — $ yr. | Death from 
amplitude | amplitude, bronchopneu- 
e .diphasic monia 
88/s2 | Normal N.S.R. | Slight | Low Low ampli- 37° Increased | Increased | Decreased | Decreased i Cure . 
right | amplitude | tude, x and mr Died 3 yr. after operation of 
cove "shaped tuberculous peritonitis 
110/70 | Moderately | A.F. None | Low meal 35° Increased | Increased | Decreased | Decreased | 44 yr. | Marked improve- 
enlarged amplitude ep mcs, ment 
dip asic 
106/80 | Normal N.S.R. | Slight | Low I and It cove 11? Increased | Increased | Decreased | Decreased | 4 yr. Marked improve- 
left amplitude | shaped ment 
130/78 | Normal N.S.R. | Slight w mi low ampli- o° Normal | Increased | Normal Normal 4 yr. Slight improve- 
left amplitude | tude ment 
155/109 Mose A.F. Right | Low rand m low 26° Increased | Increased | Decreased | Decreased | 3 yr Moderate im- 
1° enlarged amplitude | amplitude, provement 
diphasic l 
92/64 | Normal AF. None | rlow. Ilow ampli- 43° Increased | Increased — — 2 yr Moderate im- 
amplitude | tude, xt and mz provement 
negative 
100/80 | Slightly N.S.R. | None | Low Low ampli- 12° Normal | Increased — — 2i yr. | Marked improve- 
enlarged amplitude | tude, m1 cove ment 
. shaped 
104/60 | Slightly A.F. None | Low Diphasic 21? Increased | Increased -— — 3 yr. | Moderate im- 
enlarged amplitude i provement 
195/150 | Normal N.S.R. | Slight | Normal Diphasic, 11 11° Increased | Increased — — mes Died June, 1941 
9) right anc m cove 
Pei il Ae ns Ce A, EE Lour cc MERE RTI REM: ee See: NOME NE NEL REN. TN 
105/80 | Moderately | A.F. None | Low Diphasic, low 29° Increased | Increased — — — Death on operat- 
. enlarged amplitude amplitude ing table 
110/64 | Slightly N.S.R. | Right | 1 low It diphasic, 17^ Normal Increased — — iyr. | Marked improve- 
enlarged amplitude | m negative ° ment 
85/65 | Slightly N.S.R. | None II and tr cove 13° 


Low 
Mlarged amplitude 


shaped 


























e 
Increased | Increased — — | 4yr. | Improved 





/ Thompson). Twelve cases were operated 
npon bye Dr. George J. Heuer, 2 cases 
| ,/ were operated upon by Dr. William DeW. 


^" Andras, 1 case was operated upon by 
Dr. Claude S. Beck and 1 case was oper- 
ated upon by Dr. Samuel A. Thompson. 
In al a thickened, adherent, and con^. 
stricting pericardium was found. Eleven 
remain under observation at the present 
, time. The youngest was seven and the 
e 


oldest case was fifty-eight years of age; the 
highest incidence fell in the third decade, 
and 3 cases over fifty years of age are in- 
cluded in the series. Twelve were males and 
only 4 females. The duration as estimated 
from the history varied from two and one- 
half months to fifteen years. In 2 only was 
there history suggestive of rheumatic fever, 
and in 1 only was there a history of definite 
tuberculous infection. Seven gave a clear 
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Case 

No. 
Case I 
A.R. 


Case II 
W.M. 


Case HI 
CG: 


Case v* 
A.B. 


Case VI 
P.A. 


Case vit 


W.McC. 


Case x 
G.S. 


Case XI 
?.B. 


4. 


Case XII 
P.M.§ 


Case xmit 
F.B. 








Limitation 


of Shift of 


Heart on | 


Change of 
Position or 


Inspiration 


Marked 


Moderate 


Marked 


Marked 
Moderate 


Marked 


Moderate 


None 


Moderate 


Case x1v#| None 
W.P. 


Case xv§ 
F.H. 


Lc 


Marked 


Case XVI Maeked 
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TABLE II.—sUMMARY OF THE MAJOR ROENTGENOLOGICAL * 







































































































































































































































































































































































Wed chute | ess z: s 
ROENTGENOSCOPY | PREOPERATIVE ROENTGENOGRAMS ° 
, | MEN | In- | Evi- i Eg- 
Motion | Six! Superior creased | dence | dice a 
Dia- Pulsations Estimated | Shape | = | 2 | Aortic Medi- | Medi- Dorsal | Vascu- AGF of Efu- 
phragms Size © | `g | Knob astinum astinum Vertebra lar Tuber- | Chr&Bnic| sion 
| "| ow | Mark- | culosis | Infec- 
| « | vw " l f | ings tion S 
| Normal Decreased Moderately | Triangular: + | o Absent | Normal Clear | Slight . +p + o o Left 
| generally enlarged | kyphosis 
Both Decreased Moderately | Globular + | o | Small Normal | Clear | Slight : +r Hilar o Left 
limited | generally enlarged | kyphosis calcifi- 
cation 
| Normal | Marked gen- | Slightly Globular | o + Small Slightly | Clear | Slight Toro plar o Right 
| eral decrease | enlarged | widened | kyphosis, calcifi- | 
| arthritis | cation | 
Para- | Marked de- Moderately | Triangular | o o | Slightly | Marked — — Tere o | o Rizht 
doxical | crease except | enlarged enlarged) widening 
| motion | at apex | | 
in right | | | | » 
| Both Marked gen- | Slightly |! Globular o | + | Absent | Normal Clear | Normal +++ o o None 
limited | eral decrease | small | 
| Ma l a — gas nanc 
| Right | Marked de- | Slightly Globular o | + | Absent | Normal Clear | Slight +++ | Hilar o Right 
limited | crease except | small | kyphosis, calcifi- 
at apex | arthritis cation | 
Normal | Marked | Moderately | Globular o | o | Absent | Normal | Clear | Normal PPT o o Right 
general enlarged | | 
decrease 
| Normal Marked de- | Slightly | Triangular | o o | Small Slightly | Clear | Normal cT | Hilar o | None 
crease except | enlarged widened calcifi- 
at apex | cation 
Normal | Decreased Markedly Boot o | + | Dilated | Slightly Clear | Arthritis + + o o None 
on right enlarged shaped and widened 
Í elon- 
| | gated 
Both Decreased Slightly Globular o | + | Absent | Slightly Clear | Normal + o o Right 
limited | except at small widened 
apex 
Normal | Marked Slightly Triangular | o o | Small Moder- Ob- Normal | +++ o ++ | Left 
decrease enlarged | ately scured 
| widened | 
Both Decreased Moderately | Globular + | + | Small Normal Ob- Moderate | +++ o o Righ 
limited | on right enlarged | scured | kyphosis, | and 
arthritis left 
-— Marked | Moderately | Globular o o | Small Slightly | Ob- -— = o o Right 
general | enlarged widened | scured 
decrease | | 
Normal | Marked | Markedly Triangular | + | o | Small Markedly — |Normal | +++ o | o Right 
e general enlarged widened e 
decrease 
Normal | Decreased Slightly | Globular o | + | Small Normal Clear | Normal +++ o o None 
except at enlarged 
pulmonary 
conus & 
| Normal | Decreased Moderately | Triangular | o | o | Small Normal | Clear | Normal dcr o | o Left 
except at enlarged | 
pulmonary | | o 
conus | | | | e 


* Died 3 years later of tuberculous and purulent peritonitis. 
T Small foci of active inflammation present microscopically. 


1 Pericardiectomy was performed in this case by Dr. C. S. Beck in Cleveland, Ohio, to whom we are indebted for data concerning operation and subsequen 
# Pericardiectomy was performed in this case by Dr. Thompson of Flower Fifth Avenue Hospital, and we are indebted to Dr. Milton J. Rai 
e 


the operation and autopsy. 
$ Cases No. xir and xv were operated upon by Dr. William DeW. Andrus. The others were operated upon by Dr. George J. Heuer. 


history of nonspecific pulmonary infection 
preceding the onset of symptoms, and in a 
few increased severity of symptoms was 


spiratory infections. In 2 cases there was a 
definite history of pericardial effusion and 
in 3 others a suggestive history. Dvspnea 





was the most common symptom, being a 








ails of 
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nd 


presenting complaint in 13 of the 16 cases. 
Ten had experienced enlargement of the 
noted during subsequent nonspecific re- ,abdomen and in 9 a noticeable degree of 


edema of the lower extremities had been 

present. The most uniform physical find- 

ings were paradoxical pulse, cvanosis, dis- 
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, tention of the cervical veins and increased 
wenous eressure. Four had no dyspnea 
when seen, in 5 there were no pulmonary 
signs and a quite striking disproportion 
between the degree of signs of heart failure 
and the severity of orthopnea was com- 
monly observed. Hepatomegaly was quese 
tionable in 1 case and 1n § ascites was not 
demonstrable. Edema of the legs of a vari- 
able degree was present in 11 cases. The 





blood pressure was below 100/70 in 5 cases 
and in only 2 cases was 1t above 140/90; 
the pulse pressure ranged from 20 to 40 
mm. Hg in 12 of the 16 cases. In 6 patients 
the rhythm was auricular fibrillation and 
in the other 10 normal sinus rhythm was 
present. The more common electrocardio- 
graphic abnormalities were often a tend- 
ency to slight axis deviation (6 to the right, 
1 to the left and 9 no deviation), low ampli- 
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Fic. 1. Case v. Æ and B, taken on June 2, 1936, show the wide thoracic cage, the heart of slightly smaller 
size than normal and its globular shape. Calcification is visualized onlv in the lateral view. The aortic knob 
is small. C, taktn on April 6, 1937, ten months after operation, shows an increase in the size of the cardiac 
silhouette with a pronounced bulge in the region of the pulmonary conus and widening of the superior 
mediastinum. Pericardiectomy effected a clinical cure. 


tude of the QRS complexes, T waves of low 
amplitude which were usually diphasic or 
negative and often cove shaped in leads II 
and III. There was marked limitation in 
the shift of the electrical axis on change in 
position of the body in 10 patients. The 
operative technique and experiences in this 
group are similar to those previously re- 
ported" and the results are summarized in 





Tables 1 and u. The etiology in 1 case was 
found to be active tuberculous infection of 
the pericardium, in the others pathologic 
studies did not establish the cause. 
ROENTGENOLOGIC OBSERVATIONS 
All the roentgenologic observations were 
made by standard technique and one of the 


authors* was present with the roentgenol- 
* H.J.S. 


Fic. 2. Case 11. 4, taken on November 11, 1936, illustrates the globular shape of the heart, with obscuration 
of the normal subdivisions, moderate enlargement, and poorly defined aortic knob. In B, taken on April 1, 
1937, five months after operation, there is decrease in size of the cardiac silhouette with more normal con- 
figuration, and increased prominence of the aortic knob. 
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Fic. 3. Case 1x. These preoperative roentgenograms illustrate the large boot-shaped heart with unusual con- 
figuration of the right border, 4. Slight calcification is visible in the posteroanterior view, .7, in contrast 
with the extensive calcification seen in the lateral view, B. 


ogists when the roentgenoscopic studies calcification when it was not observed in 
were done in all cases. No special tech- the usual exposures. The chief abnormali- 
niques were resorted to beyond that of in- ties noted in roentgenologic studies are 
clining the patient from side to side in correlated in Table mu with age, duration, 
seeking shifting of the anatomical axis of etiology, findings at operation, and result 
the heart, and of heavier exposures in cer- of pericardiectomy. The postoperative 
tain ones in an attempt to demonstrate roentgenologic changes are also included. 
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Fic. 4. Case xiv. These roentgenograms illustrate the enlarged triangular heart, marked pulmonary conges- 
tion, and absent aortic knob, 4. The kymogram, B, reveals reduced amplitude of pulsation over all of the 
cardiac silhouette and aorta with the exception of the upper portion of the left ventricle where the pulsa- 
tions are of normal amplitude. 
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Fic. 6. Case xit. 4, taken on September 11, 1940, illustrates the enlarged globular heart with obscuration of 
normal subdivisions of the borders and marked increase in the pulmonary vascular shadows. B records 
calcification seen only in the lateral view. C, taken on October 18, 1940, one month after operation, shows 
enlargement of the cardiac silhouette, a more prominent aortic knob, and decrease in the pulmonary con- 
gestion. D, a preoperative kymogram, shows marked decrease in pulsations over the right border, aorta, 
and upper left border. Pulsations at the apex, although good, have a flattened diastolic peak. In Æ is shown 
a lateral kymogram in which pulsation of the calcified plaques is seen. F, a postoperative kymogram, re- 
veals good pulsations over the right border and the aorta with a marked increase in pulsations over the left 
border. The diastolic peaks have a more normal contour. 


Representative preoperative and in some ments of the diaphragm. In 2 other cases, 


instances postoperative changes are illus- 
trated in Figures 1 to 8. 

In most cases roentgenoscopy proved to 
be of considerable diagnostic importance. 
In 6 the lateral shift of the heart with 
change in position and the downward 
descent with inspiration was markedly 
limited and in 5 of these the limitation was 
observed in the presence of normal move- 
e e 


however, these findings were not present, 
and in the other 8 in which "they were 
sought, limitation of the motion of the 
diaphragms made their presence of less sig- 
nificance.?' Pulsations were decreased over 
a large area of the cardiac silhouette fh all 
cases, but in 4 the apex, and in 2 the pul- 
monary conus exhibited pulsations of 
normal or greater than normal amplitude. 








` e, Y 
Fic. 5. Case m1. 4, taken on June 1, 1935, and C, taken on March 28, 1939, show the appearance of the heart 


over a four year period prior to operation. B illustrates the extensive calcification visible in the lateral view. 
D, taken on February 12, 1940, nine months after operation, shows that the cardiac silhouette has increased 
in size and changed in configuration. E is a preoperative kymogram showing diminished pulsations with 
flattened diastolic peaks over the left border, abseht pulsation over the aorta, and normal pulsations over 
the left border. F is a postoperative kymogram, illustrating the increase in amplitude of pulsations over the 
right border and aorta with more normal diastolic peaks. 
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Routine 2 meter roentgenograms of the 
heart in the posteroanterior and lateral 
positions also proved to be of great value 
in the study of these cases. Attention 
should be called to the chest cage itself as 
in most cases it has a distinct square shape 
with widening of the lower diameters pre- 
sumably due to the long standing ascites 
with outward pressure on the costal margin 
and elevation of the diaphragms (Fig. 1). 
The*cardiac silhouette itself was slightly 
smaller than normal in 3 cases, and in only 
4 cases slightly enlarged. In 7 it was de- 
scribed as moderately enlarged (Fig. 2) and 
in 2 as markedly enlarged (Fig. 3 and 4). In 
1 of the 2 cases in which marked enlarge- 
ment was present there was persistent 
hypertension and in the second, although 
the heart was encased in an adherent peri- 
cardium 2 to 4 mm. thick and the capacity 
of the right ventricle reduced, the left 
auricle and ventricle were found to be di- 
lated and the heart weight was estimated 
to be above the normal limits at autopsy. 
It was not possible to establish any direct 
relationship between the size of the cardiac 
silhouette and the thickness of the peri- 
cardium at operation or autopsy, the peri- 
cardial thickness varying from 2 mm. in a 
patient in whom the silhouette had ap- 
peared markedly enlarged to 8 mm. in one 
in which it had appeared slightly smaller 
than normal. After operation there was no 
constant aKeration in the size of the cardiac 
silhouette; it appears, therefore, that fac- 
tors other than the thickness of the peri- 
cardium are responsible *for an apparent 
incrdase in the size of the heart. These may 
be dilatation of portions of the heart with 
constriction in others and disturbances in 
the relationship of various chambers of the 
heart to the chest wall. In 6 the shape of 
the heart was triangular (Fig. 4), in 9 dis- 
tinctly globular (Fig. 2) and in 1 “boot 
shaped" (Fig. 3). In none was the silhouette 
normal since the usual subdivisions of the 
right and left borders were obscured. Defi- 
nite extrapericardial adhesions were seen in 
only 4 patients. Calcification of the peri- 
cardium was demonstrated in 7 patients 
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and established the diagnosis in the patient 
in which there was coexistent hypertensive 
heart disease. This was not alwavs demon- 
strable in the posteroanterior view ip cages 
in which lateral views showed Á re 
deposition of calcium (Fig. 1, 5 and 6). 

operation an additional patient had suf- 
ficient calcification to suggest that a more 
careful search would have demonstrated 
Its presence, in 4 others calcification found 
on microscopic examination of the peri- 
cardium removed at operation was prob- 
ably undetectable. The superior medias- 


tinum was normal in 7, in 5 was slightly, 


wider, and in only 2 was it considerably 
wider than normal. The appearance of the 
aortic knob was a helpful sign in almost all 
cases. In 5 the aortic knob was not visual- 
ized, in 9 others it was small and flattened; 
and lateral views, moreover, showed the 
arch in these cases to be of small diameter 
(Fig. 1, 2 and 7). In only 2 cases was the 
aorta normal or larger in size and t of these 
was in the presence of hypertension in a 
man, aged fifty-eight, 
arteriosclerosis elsewhere (Fig. 3). That 
the narrowing of the aorta cannot be at- 
tributed entirely to adhesions is indicated 
in those cases in which there is a postopera- 
tive increase in size despite the fact that 
the operative procedure does not extend 
to this region (Fig. 7), and it may be that 
the small size of the aorta is due, at least in 
part, to the reduced cardiac output which 


has been demonstrated.?*?9? After release of 


the obstruction with return of the output 
to normal the extent of increase in the size 
of the aorta is probably determined by ad- 
hesions. 

The lung fields in all cases showed in- 
crease in the vascular markings and the 
hilar shadows were particularly heavy iq 
most instances (Fig. 6). That there was 
little relationship between the promigence 
of these markings and the complaint of 
dyspnea was shown by those cases in which 
there was marked increase and in whom 


9 . 
dyspnea was a minor symptom. The pres- 


ence of calcium deposits at the hilum was 
the only evidence for preceding tuberculous 


with evidence of 
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Fic. 7. Case 1. Æ, taken on January 27, 1936, shows a moderately enlarged triangular heart with loss of the 
normal subdivisions of the borders and absence of the aortic knob. B and C, taken on December 16, 1937, 
and November 22, 1940, one and four years after operation respectively, illustrate decrease in size og the 
silMouette, return to a more normal configuration, and the appearance of a normal aortic knob. D is a post- 
operative kymogram, taken on November 22, 1940, showing the normal amplitude of pulsation over the 
entire silhouette. Active tuberculous pericarditis was found at operation. The patent is apparently 


ac ,» 
cured. 


infection in 5 cases. One patient had heavy 
bronchial shadows and pulmonary fibrosis 
suggestive of chronic pulmonary infection, 
but on the whole inflammatory changes 
were conspicuously absent. Eleven of the 
group had pleural effusion at one time or 
another prior to operation. Thoracenteses 
in these gave no evidence of a causative 


agent and the fluid had the characters of a 
transudate. Several had evidence of pleural 
thickening, however, and this may have 
been related to the original inflammatory 
process. The posterior mediastinum 1n all 
but one case was within normal limits of 
density. A finding of incidental interest, 
however, was a kvphotic tendency of the 
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Fic. 8. Case x1. Æ and C are preoperative roentgenogram and kymogram respectively, taken on October 11, 
e 3 - . . . ^ 
1939. B and D, taken on February 21, 1940, three months after operation, illustrate the slight amount of 
roentgenologic improvement compatible with marked improvement in the clinical picture following peri- P 


cardiectomy. 


dorsal vertebra in 5 and of more than aver- the roentgenoscopic estimation is ofteh 


age amount of hypertrophic arthritic 
change of the dorsal spine in 3 cases. 

The kymogram, contrary to the exper- 
ience of others,!®! has been of considerable 
aid in the diagnosis chiefly because it offers 


a more accurate estimation of the degree* 


of pulsation over the right border of the 
heart and over the aorta, areas in which 


difficult, and in which in all 10 of our cases 
where preoperative kymographic studies 
were done there was a significant reduction 
in amplitude. Five of these patients had 
chronic auricular fibrillation which made 
the limitation of pulsation along the right 
border (which is made up mainly of the 


right auricle) difficult to evaluate. At times 
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the flattening of the diastolic peak of the 
wave suggested abnormality when pul- 
ations of fairly good amplitude were pres- 
M ig. 6), but in most instances the 
ampRrude of pulsation proved the most 
reliable sign. In some cases there were pul- 
sations of normal or greater than normal 
amplitude over the upper left bcrder in the 
region of the pulmonary conus, in others 
the pulsations at the apex were increased in 
amplitude. Postoperative kvmograms uni- 
formly showed increase in amplitude of the 
pulsations, particularly over the left border 
but that this increase in pulsation was not 
always related to the degree of clinical im- 
provement as illustrated by a case in 
which onlv a slight general increase in the 
amplitude of pulsation is seen in a patient 
who is markedlv improved (Fig. 8). In 
others a fairly marked increase in pulsation 
has been associated with only moderate 
improvement in the clinical. condition. 
Pulsations of increased amplitude over the 
aorta may be of value in estimating the in- 
crease in cardiac output but are difficult to 
visualize, may be obscured bv adhesions 
and are probably not reliable in many cases. 


COMMENT 


The roentgenologist's principal róle in 
the diagnosis of chronic constrictive peri- 
carditis lies in demonstrating the existence 
of scarring and adherence of the pericar- 
dium. Clinical and laboratory findings of 
obstruction to the venous inflow and dim- 
inution of the systolic output of the heart 
supply the evidence that these pericardial 
changes interfere with cardiac function. 
TRat thickening and adherence ot the pert- 
cardium may exist without such disturb- 
ance is known, ^??5 and that adhesions 
* Jpetween, the heart, pericardium, and ad- 
jacent structures probably do not affect the 
heart or circulation in any way except by 
constriction and interference with the 
diastolic filling and systolic emptying of the 
heart has also been pointed out.'* The 
most reliable signs of the presence of 
such an adhesive process in the pericar- 
dium appear to be the following: limita- 
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tion of the lateral shift on change in 
position and of elongation of the heart on 
descent of the diaphragm, calcification in 
the pericardium, absence of or a small and 
flattened aortic knob, loss of anatomical 
configuration of the cardiac silhouette, 
pulmonary congestion, and the roentgeno- 
scopic or roentgen kymographic demon- 
stration of diminution of pulsation over all 
or part of the cardiac silhouette. None of 
these signs are pathognomonic in fhem- 
selves and it is only by the composite pic- 
ture of those that are present that the 
roentgenologist can suspect the presence 
of Pick’s disease. When pericardial calcifi- 
cation Is present in a patient exhibiting a 
compatible clinical picture it 1s the most 
reliable sign of all, particularly in those 
cases in which the size of the cardiac sil- 
houette 1s increased. In the absence of cal- 
cification a sufficient number of other signs 
can usuallv be elicited to make the diag- 
nosis possible. That lateral views are the 
most reliable in the demonstration of cal- 
cium and that heavy exposures are neces- 
sary at times should be kept in mind. 
Demonstration of extrapericardial ad- 
hesions, paradoxical motion of the dia- 
phragm, and the width of the superior 
mediastinum have been of minor diagnostic 
value in this series. 

The emphasis that has been placed on 
the small quiet heart in the diagnosis of 
chronic constrictive pericardifis may be 
justified in most cases on clinical grounds 
but too strict adherence to this principle 
may cause one *to overlook the group in 
which there is roentgenologic evidence of 
considerable enlargement of the cardiac 
silhouette. In addition, failure to search 
for the signs which have been enumerated 
may forfeit the chance for possible success- 
ful surgery in the occasional case in which 
chronic constrictive pericarditis coexists 
with other types of cardiovascular disease. 
Illustrative of this point is Case 1x in 
which hypertension and a large boot- 
shaped heart are present and a case in 
which Oppenheimer, Hitzig and Neuhof!’ 
relate the coexistence of rheumatic heart 
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disease with mitral stenosis and of chronic 
constrictive pericarditis with a pericardium 
I. cm. in thickness. Unfortunately the 
roentgenologic observations in the latter 
case are not recorded. 


CONCLUSIONS 


1. Roentgenologic study is of consider- 
able importance in the differential diagno- 
sis of chronic constrictive pericarditis. 

2. When venous engorgement, serous 
effusions, and hepatomegaly are present 
indicating obstruction to the flow of blood 
through the heart the composite roent- 
genologic picture pointing most conclu- 
sively to chronic constrictive pericarditis 
as a cause of this obstruction is as follows: a 
small or only slightly enlarged heart of 
abnormal configuration and often a rim of 
calcium at the periphery. The aortic knob 
is absent or flattened and deformed. Roent- 
genoscopic examination reveals the excur- 
sions of the margins to be diminished to the 
point that the heart seems almost to be 
standing still. When the patient is tilted 
from side to side the heart remains fixed 
in the midline and fails to elongate when 
the diaphragms move downward. Pulmo- 
nary congestion is usually evident, pleural 
thickening or effusion and extrapericardial 
adhesions deforming or imparting abnormal 
motion to the diaphragm may be found. 
The kymogram confirms the marked de- 
crease in the amplitude of pulsation over 
the borders of the heart and of the aorta. 

3. Roentgenoscopic signs in the order of 
their diagnostic importarfce are: (a) limi- 
tation of the lateral shift of the anatomical 
axis of the heart with changes in position; 
(b) limitation of the elongation of the heart 
with descent of the diaphragms when the 
heart is not greatly enlarged and there is 
no marked limitation of diaphragmatic 
motion; (c) decrease in the amplitude of 
cardiac pulsations over portions or all of 
the cardiac silhouette; and (7) paradoxic 
motion or deformity of the diaphragms due 
to the tugging of adhesions. 

4. Calcification is the most reliable sign 
of chronic constrictive pericarditis espe- 
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cially when the cardiac silhouette is en- 
larged but is present in less than half of the 
cases and when present does not always in- 
dicate constriction of the heart. It is sóm€- 
times visible under the roentgenoscdje but 
is best demonstrated in lateral roentgeno- 
grams and occasionally heavy exposures 
are necessary to demonstrate its presence. 

5. In the absence of calcification the 
most common roentgenographic signs of 
chronic constrictive pericarditis are: (a) a 
small and flattened or absent aortic knob: 
(b) abnormal configuration of the cardiac 


silhouette, usually with a triangular or. 


globular shape and loss of the normal sub- 
divisions of the borders; and (c) evidence 
of pulmonary congestion. 

6. The size of the cardiac silhouette, 
when small, is of considerable importance 
but a marked increase in size or evidence of 
cardiovascular disease of other etiology 
(hypertension and arteriosclerosis for ex- 
ample) does not necessarily rule out the 
diagnosis of chronic constrictive pericardi- 
tis. In these cases the diagnosis is more 
dificult but can usually be made from the 
composite roentgenologic and clinical pic- 
tures. 

7. There was no constant relationship 
between the thickness of the pericardium 
removed at operation and the size of the 
cardiac silhouette in roentgenograms. 

8. The roentgen kymogram is of con- 
siderable aid in the diagnosis especially in 
the study of the pulsations along the aorta 
and right border of the heart where the 
amplitude of pulsation was found to be 
most regularly reduced. In addition to the 
reduced amplitude of pulsation, flattenfPng 
and irregularity of the diastolic peak of the 
wave is sometimes a helpful but less im- 
portant finding. Pulsations of normal or 
greater than normal amplitude "may be 
seen over portions or over all of the left 
border. 

g. No constant changes in the size or 
appearance of the cardiac silhouette or of 
the aorta were observed following opera- 
tion. Some hearts became larger, others 
small. Increase in the amplitude of pul- 
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sations in the kymogram were regularly 
seen over portions or over all the cardiac 
alhquette but could not be related to the 
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THE DIAGNOSIS OF CONGENITAL HEART 
LESIONS IN CHILDREN* 


By G. W. GRIER, M.D. 
Professor of Radiology, University of Pittsburgh 
PITTSBURGH, PENNSYLVANIA 


HE diagnosis of congenital anomalies 

of the heart and great vessels and par- 
ticularly the identification of the lesion, or 
lesiofis, present is always difficult. Often no 
effort at identification is made bevond 
classifving the lesion as "with" or “‘with- 
out” cyanosis. 

There is å general opinion that the 
roentgenogram is not of a great deal of 
value in the specific identification of these 
lesions. Being a radiologist and much in- 
terested in the subject, I have attempted 
to analvze the material which has passed 
through mv hands in the last ten vears in 
an effort to determine just what may or may 
not be expected of the roentgen ray in these 
cases. To this end the case records and 
roentgenograms of 254 cases diagnosed and 
indexed in the hospital records as congeni- 
tal heart disease have been studied. 

I wish to acknowledge here the valued 
assistance of Dr. Eva Carey and Dr. John 
M. Hill in the somewhat onerous task of 
studying in some detail this rather volu- 
minous mass of records. 

All but 13 of these cases have been seen 
at the Chtldren's Hospital and since my 
experience has been almost exclusively 
limited to children, the remarks embodied 
in this article may be acctpted as applying 
to infants or children. 

Twenty-three of the 254 cases were dis- 
carded after an initial survey because it 
was felt that there was a reasonable doubt 
that they were congenital anomalies. Three 
were disproved by autopsy, 4 had positive 
autopsy but no roentgenogram, 7 had a 
history of rheumatism and the remaining 
g seemed to lack definite proof that the 
lesion was congenital. The remaining 231 
cases are analyzed in Table r. 

One of the surprising facts brought out 


in this table is the relatively small number 
(about ro per cent) of cases in which a 
specific diagnosis was not attempted be- 
yond the generalization of congenital heart 
disease. Most of these undiagnosed cases 
occurred during the early part of the ten 


TABLE | 
Cases 
Ventricular defect 43 
Ventricular defect plus dextroposed aorta 2 
Ventricular detect plus patent ductus arteri- 
osus I 
Interauricular defect including foramen 
ovale 28 
Interauricular defect plus patent ductus 
arteriosus 13 
Defect in both septa L1 
Defect in both septa plus patent ductus ar- 
teriosus 3 
Defect in both septa plus atresia of the aorta 
Patent ductus arteriosus alone 21 
Tetralogy of Fallot 9 
Lutembacher’s disease 3 
Pulmonary stenosis 29 
Pulmonary stenosis plus ventricular defect 7 
Pulmonary stenosis plus interauricular de- 
fect l 
Aortic stenosis 5 
Coarctation of the aorta 4 
Coarctation of the aorta plus ventricular de- 
fect 
Persistent right arch of the aorta 2 
Transposition of great trunks | 
Malrotation of the heart 
Tricuspid stenosis *2 
Mitral stenosis 3 
Dextrocardia alone l 
Dextrocardia with other cardiac anomalies 4 
Dextrocardia with situs inversus e TY 
Cor biventriculare triloculare 3 
Cor biatriatum triloculare . 4 
Cor biloculare i 
No differential diagnosis made (roentgen 
findings positive 9; negative 15; clinically 
positive 24) 24 
231 


* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Cincinnati, Ohio, Sept. 23-26, 1941. 
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year period when our experience with 
roentgen diagnosis was slight. Unfortu- 
ngtelv, most of the films of that period have 
been discarded and we are not able to 
review, them now in the light of an in- 
creased"experience. The fact that a specific 
diagnosis was made cannot, of course, be 
accepted as proof of the correctness of that 
diagnosis. 

Forty-four cases came to autopsy, so we 
have at least that number in which we 
know the exact diagnosis. The roentgen 
appearance of these known cases 1s used as 
a basis for diagnosis, and although there 
are numerous individual variations and 
although the appearance mav vary at dif- 
ferent stages of the same case, there are 
certain general characteristics in several 
anomalies which make their recognition 
reasonably accurate. These will be de- 
scribed in detail later. 

In addition to the 44 cases which came 
to autopsy, death occurred in 29 others in 
which autopsy was not granted, a total of 
73 deaths in 231 cases while under observa- 
tion. 

While a strictlv scientific approach to 
the subject might require exclusion of all 
cases that did not come to autopsy, such 
a course would not help much in furthering 
the object of this study; namely, increased 
accuracy in diagnosis. Many cases of con- 
genital heart disease live bevond childhood 
and consequently would not come to 
autopsy during the age period covered by 
our observations. 

For purposes of study, congenital heart 
lesions mav be classified as follows: 


. Septal defects. 

. Anomalous chambers. 

. Anomalous great vessels. 
Valvylar lesions. 


Có M gel 


A subdivision of the four primary classi- 
~ . @ - 
fications follows: 


Defects of the interauricular septum: 


a. Patent foramen ovale. 

b. Patent ostium primum. 
c. Patent ostium secundum. 
d. Absent septum. 
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Defect of the interventricular septum. 
Ostium atrioventriculare commune. 


Anomalous chambers: 


a. Cor biventriculare triloculare—one auricle and 
two ventricles. 

b. Cor biatriatum triloculare—two auricles and one 
ventricle. 

c. Cor biloculare—one auricle and one ventricle. 


Anomalous great vessels: 


a. Patent ductus arteriosus. s 
b. Persistent truncus arteriosus. 

c. Defect in aortic septum. 

d. Aortic stenosis or atresia. 

e. Pulmonary stenosis or atresia., 

f. Transposition of great trunks. 

g. Persistent right arch of aorta. 

h. Coarctation of aorta. 


Congenital valvular lesions: 


a. Tricuspid. 
b. Pulmonic. 
c. Mitral. 
d. Aortic. 


Any of these valves may be the seat of 
developmental anomalies such as absence 
of one or more cusps, supernumerary cusps, 
or thickened and fibrotic cusps. The num- 
ber of cusps may have no pathological sig- 
nificance, but the presence of any of the 
other defects usually results in stenosis at 
the valve. Congenital insufficiency is ap- 
parently very rare. In one of our cases, 
tricuspid insufficiency was found at au- 
topsy. Valvular endocarditis is ghought by 
some authors to occur in fetal life, but this 
is disputed by others. There were no such 
cases recognized y our series. 


DEFECT OF INTERVENTRICULAR SEPTUM: 
ROGER'S DISEASE 


This lesion is a common anomaly, 
thought by some to occur even more fre- 
quently than defects of the interauricular 
septum. 

The defect is usually a small circular 
opening occurring high up on the septum 
and behind the septal segment of the tri- 
cuspid valve. Occasionally the opening 1s 
large and very rarely it occurs in the lower 
part of the septum. Usually the fibers of 
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the bundle of His extend around the open- 
ing, but if the defect is very large it may 
separate the bundle from the auriculo- 
ventricular node and thus produce heart 
block. 

The blood flows from left to right 
through this opening except as a terminal 
event. The opening is surrounded by fi- 
brous tissue which may have a tendency to 
contract and make the opening smaller. An 
arez of fibrosis also develops at the spot on 
the wall of the right ventricle where the 
column of blood impinges with consider- 
able force. These areas of fibrosis are signifi- 
cant becausé it is there that vegetations 
develop from the bacterial endocarditis 
which eventually supervenes in manv cases. 

Rarely the opening may merge with a 
patent ostium primum 1n the interatrial 
septum, thus producing a defect which 
opens into all the chambers of the heart. 
The cusps of both the tricuspid and mitral 
valves are almost certain to be involved if 
the opening is at all large. Cvanosis is 
usually not very great. Mongolism is said 
to occur very frequently in this particular 
defect. 

Complete absence of the ventricular 
septum (cor biatriatum triloculare) allows 
free mixture of arterial and venous blood 
and is naturally accompanied by some 
cyanosis, but cases of this sort have been 
known to reach the age of thirty-five vears. 

Small defects in the ventricular septum 
have no clinical significance and are ac- 
companied by no symptoms in the absence 
of endocarditis. A loud prolonged systolic 
mumur is present, heard most distinctly 
in the third and fourth interspaces close to 
the sternum. A thrill accompanies the mur- 
mur in about one-third of the cases. Cya- 
nosis is usually absent. In small infants it 
may develop on exertion. Clubbing of the 
fingers occurs only in the terminal stages. 
There is no dyspnea. The lesion is compat- 
ible with normal adult life if it occurs alone. 
However, it often occurs in combination 
with other anomalies. Occurring as a soli- 
tary lesion the chief danger is endocarditis. 

The extra flow of blood into the right 
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ventricle causes enlargement of that cham- 
ber and also of the pulmonarv arterv. The 
left ventricle is somewhat less promingnt 
than normal. The enlargement of the right 
ventricle pushes the heart up off fe da- 
phragm and on the roentgenogram fhe apex 
Is quite a distance above the diaphragm 
instead of resting on it in the usual manner. 
The left ventricle is not nearlv as full as 
normal, but the bulge of the pulmonary 
conus Is exaggerated. 

The entire heart silhouette bears a 
striking resemblance to a wooden shoe, the 
classical "coeur en sabot" so frequently, 
described in the literature. At this stage 
the roentgen appearance is diagnostic. 
Sometimes in terminal stages the marked 
enlargement of the heart gives it a more or 
less globular appearance which is no longer 
characteristic. 

In this series, 43 cases were diagnosed 
interventricular defect alone; 2 in combina- 
tion with a dextraposed aorta; 1 with a 
patent ductus arteriosus; 9 as a part of the 
tetralogy of Fallot; and 15 in combination 
with atrial defects—a total of 70 cases out 
of 231. 

The roentgen appearance is possibly the 
most characteristic of all congenital heart 
anomalies. The wooden shoe-shaped heart 
with the apex pushed up off the diaphragm 
by the enlarged right ventricle is easily 
recognized and quite characteristic. The 
case presented here is perhaps more globu- 
lar in shape than is usually seen, but I think 
the general effect is unmistakable. 

Case 1 (Fig. 1). R. B., white male infant, 
aged five months. Admitted to the Hospital 
September 1, 1939, because of cyanotic attacks. 

The child had the typical appearance of 
mongolian idiocy. He had a fine papular rash 
over the entire body. He had an acute tonsillitis® 
and pharyngitis at time of admission. Roent- 
genogram of chest showed a consolidation of 
both upper lobes, diagnosed bronchopneutmonia. 
The heart was somewhat enlarged and the 
shadow of the great vessels was smaller than 


, normal. The roentgen appearance was thought 


to indicate a congenital heart lesion. 
The cardiologist reported the heart enlarged 
to the right; pulsations forceful, rapid and regu- 
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lar. The heart sounds were rough. There was a 
harsh systolic murmur at the apex. The diag- 
osis was congenital heart lesion, probably 
tud septal defect. 

Th&child died on September 15, 1939, from 
a pnetnonia. 

Autopsy of the heart showed a marked dila- 
tation of the right auricle. The aortic and pul- 
monary arteries were normal in size and posi- 
tion and the ductus arteriosus was not patent. 
The bicuspid and tricuspid valves were not 
thickened and there were no vegetations. There 
was a defect in the interventricular septum 
measuring approximately o.5 by 0.75 cm. 

Diagnosis: Patent interventricular septum. 


When defects occur in both the interatrial 
and interventricular septa, the shape of the 
heart includes the characteristics of both. 
The left side of the heart has the tvpical 
wooden shoe effect and on the right side 
the auricle is unusually prominent. Some- 
times the shadow of the ascending aorta Is 
absent, but in some cases a rather rec- 
tangular supracardiac shadow is noted. 
Other defects are not uncommon and in 
such cases loss of compensation occurs 





Fic. 1. Case 1. Large interventricular septal defect 
Note marked enlargement of the right heart and 
the upward displacement of the heart with the 
apex high up off the diaphragm. 
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Kic. 2. Case 1. Patent foramen ovale and patent 
interventricular septum. Characteristics of both 
defects are present; namely, dilated right auricle, 
absence of shadow of ascending aorta, and upward 
displacment of the heart with the apex off the 
diaphragm. 


early and the heart becomes extremely 
enlarged. At that stage the characteristic 
shape no longer prevails and differential 
diagnosis Is not possible. 

Of the 15 cases we have seen, 11 pre- 
sented a sufficiently characteristic sil- 
houette to justifv a positive diagnosis. The 
following case is a tvpical illustration: 


Case r1 (Fig. 2). D. D., white male, aged six 
months. Admitted to the Hospital August 15, 
1938. The baby had a fever and diarrhea. He 
was one month premature, but had no trouble 
until the present complaint. 

The child was well developed, had a mon- 
golian expression and marked tendency to cya- 
nosis. Liver was quite enlarged. Nails® were 
cyanotic, but there was no clubbing. The heart 
was enlarged on percussion, but no murmurs 
noted. 

Roentgen examination showed a marked en- 
largement of the heart which involved all the 
chambers. 

The child was readmitted on March 22, 1939, 
at which time examination of the heart revealed 
roughening of the first sound at the apex. There 
was a sinus arrhythmia. At the end of one week 
the child developed erysipelas from which he 
promptly died. 

At autopsy, the heart was markedly enlarged, 


occupying most of the thorax. There was a small 
patent foramen ovale. There was a moderate 
thickening of the right ventricular wall. There 
was a defect in the upper portion of the ven- 
tricular septum 1.5 cm. in diameter. A persist- 
ent truncus arteriosus straddled the defect in 
the septum. The three vessels in the arch of the 
aorta arose from their usual position. The pul- 
monary artery arose just distal to the left 
subclavian. 

Diagnesis: Patent foramen ovale; patent 
interventricular septum; persistent truncus 
arteriosus. 


DEFECT OF INTERAURICULAR SEPTUM 


This lesion' is usuallv considered to be 
the most common of all congenital heart 
anomalies. If those cases in which the 
foramen ovale presents a slit-like opening 
covered bv a flap on the left side of the 
septum are included, this is undoubtedly 
true. Various observers have reported from 
30 to 44 per cent of all autopsies as pre- 
senting a potential opening of this tvpe, 
which in most cases does not allow leakage 
because the higher pressure on the left side 
keeps the flap closed. 

An incompetent foramen ovale probably 
develops from a combination of two causes: 
(1) a reversal of the usual situation in which 
the pressure on the right side of the heart 
becomes greater than the left. This could 
be brought about by an obstruction of 
some sort, for instance other congenital 
anomalies *at the tricuspid or pulmonary 
valve areas, or increased pressure in the 
pulmonary circulation from congestion, 
atelectasis, or any acute pathological con- 
dition in the newborn; (2) the dilatation 
of the right heart, particularly the auricle, 
which results from this obstruction, 
stretches the opening of the foramen and 
makes it incompetent. When the foramen 
ovale is incompetent the opening is no 
longer slit-like, but presents a gap which 
the flap cannot cover. 

The foramen ovale is in the upper part 
of the septum. 

Defects in the lower part of the septum 
are due to a persistence of the ostium 
primum. The opening due to this cause may 
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be of any size, even involving the entire 
septum and producing a three-chambered 
heart which has one auricle and two vely 
tricles—‘‘cor biventriculare triloculagé."' 

The ostium secundum is at the gipper 
end and posterior portion of the Septum 
and can also be patent. The result of an 
opening in the interatrial septum is a flow 
of blood from the left auricle back into the 
right. The blood continues to flow in this 
direction as long as the systemic pressure 
remains higher than the pulmonic pressure. 
This may go on indefinitely if there are no 
other heart lesions to interfere with a free 
flow in the right side of the heart, if the 
myocardium remains normal and nothing 
happens to raise the pressure in the pul- 
monary circulation. 

Under these circumstances, the only 
symptoms are those of deficient circulation, 
with general under-development, pallor, 
weak pulse and low blood pressure. In our 
experience a number of cases of mongolism 
have been noted. Cyanosis is not present 
unless a reversal of flow develops with 
venous blood mixing with arterial. This 
naturally occurs in the terminal stages of 
the disease, but until then moderate sized 
defects are symptomless unless compli- 
cated by other anomalies. Abbott reports 
only 36 out of 112 cases of patent foramen 
ovale uncomplicated by other lesions. 

As a result of the extra blood flowing 
back into the right auricle, this chamber 
becomes dilated, followed by an enlarge- 
ment also of the right ventricle and pul- 
monary artery. For the same reason, that 
is, less blood in the left side of the heart, 
these chambers are smaller than normal 
and the shadow of the ascending aorta and 
arch are very small and often not seen to 


e . . Ld 
the side of the spine in the roentgenograny. 


This produces a very characteristic 
silhouette on the roentgenogram. The,heart 
is quite enlarged, there is a decided accen- 
tuation of the pulmonary arc on the left 
border, the shadow of the ascending aorta 
“s absent and the aortic knob very small, 
or absent. The heart has a rather globular 
shape. In extreme enlargement the right 
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ventricle may push the heart up off the 
diaphragm, producing the wooden shoe 
sihouette seen in defects of the inter- 
ventrigular septum. In general, the roent- 
gen agpearance is so characteristic as to be 
mite Nee Ross. 

There is no difference in the roentgen 
appearance between patent foramen ovale 
and patent ostium primum or secundum. 
However, there is one point which mav 
have some value in differentiation. The 
opening in defects of the septum practi- 
cally alwavs allows more leakage than a 
„patent foramen ovale because it is larger 
and there is no flap to interfere. If a series 
of roentgenograms shows a rapid increase 
in the size of the heart, the lesion 1s more 
likely to be a defect of the ostium. 

Interatrial defects, particularly patent 
foramen ovale, are not inconsistent with 
normal living and many cases reach early 
or middle adult life. 

One complication which may prove fatal 
is an aneurysmal dilatation of the pulmo- 
nary artery. When this occurs, cyanosis and 
dyspnea become marked, there 1s clubbing 
of the digits, the heart is very large, the 
precordium may bulge, the systolic mur- 
mur becomes louder and blowing in char- 
acter. On the roentgenogram the shadow 
of the pulmonary conus is much exag- 
gerated, the lungs show evidence of conges- 
tion, the hilar shadows are enlarged and 
the heart much larger than before. 

A certain percentage of cases of inter- 
atrial defect develop mitral insufficiency, or 
mitral stenosis, particularlv the latter, 
which called Lutembacher's disease. 
There has been some dispute as to whether 
the mitral lesion is also congenital. Lutem- 
bacher thought the stenosis at the mitral 
yalve wgs congenital and primary, and 
that the obstruction to the free flow of 
blood which resulted from it prevented the 
normal closure of the foramen ovale. 

Other observers think that mitral disease 
is acquired. When this combination exists, 
a dilated left auricle is added to the changes 
already described. This causes the heart to 
be larger and even more globular in ap- 
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pearance. At roentgen examination the 
enlarged left auricle may be detected on an 
oblique view. Patients with this combina- 
tion have also been known to reach adult 
life and lead an essentially normal exist- 
ence. 

In this series, 28 cases were diagnosed 
interatrial defect or patent foramen ovale, 
13 atrial defect plus patent ductus arteri- 
osus, and 3 atrial defect plus mitral 
stenosis, a total of 44 cases. : 

This compares with a total of 46 cases 
of interventricular defect, a slight prepon- 
derance of the latter, but essentially the 
two are about equally common and defi- 
nitely more numerous than any other 
anomaly. 

Our cases emphasize what has already 
been pointed out. The roentgen appearance 
is quite definite and characteristic and | 
believe can be relied upon for diagnosis. 
The marked dilatation of the right auricle, 
the fullness in the region of the pulmonary 
conus and the hypoplasia of the aorta are 
all easily recognized and have diagnostic 
value. They are illustrated in the following 
typical case: 

Case 111 (Fig. 3). R. A. H., white male, aged 
three months. Admitted to the Hospital on 
October 17, 1940. 

This child has always had a noisy respiration, 
particularly when taking a bottle. He had fever 
for the previous twenty-four hours. 

Examination of the chest revealed scattered 
rales over both lungs, dullness in the right upper 
lobe. 

A roentgenogram of the chest revealed 
bronchopneumonia in both upper lobes. The 
general appearance of the child suggested 
mongolism. He was discharged October 24, 


1940. 

He was readmitted on November 5, 1940, be- 
cause of vomiting and diarrhea. His condition 
became steadily worse and he died on Novem- 
ber 23, 1940. The immediate cause of death was 
acute pancreatitis. 

Autopsy revealed patent foramen ovale, but 
the heart was otherwise normal. 


Interatrial defect complicated by a pat- 
ent ductus arteriosus throws an additional 
amount of blood into the pulmonary artery 
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FiG. 3. Case m1. Patent foramen ovale. Note marked 
enlargement of the right auricle and absence of the 
normal shadow of the ascending aorta. 


from the aorta and increases the enlarge- 
ment in the region of the pulmonarv conus. 
In the presence of the other signs of atrial 
defect, if the pulmonary conus is extraor- 
dinarily large, a complicating patent duc- 
tus arteriosus may be inferred. The follow- 
ing case, while it has not come to autopsy, 
is presented as a probable example of this 
combination. 


Case IvdFig. 4). J. A., colored female, aged 
four months. Admitted to the Hospital April 20, 
1941, with history of cough and fever for the 
past five days. á 

Physical examination showed the child to be 
acuttly ill. She had a mucopurulent discharge 
from the nostrils, and an area of dullness on per- 
cussion over the left lung. A diagnosis of 
bronchopneumonia was made. The child was 
placed on sulfathiazole and recovered promptly 
from the pneumonia. 

Roentgen examination showed a marked en- 
largement of the right heart and dilatation in 
the region of the pulmonary artery. The shadow 
of the ascending aorta was much smaller than 
normal. The appearance was thought to be due 
to patent foramen ovale accompanied by patent 
ductus arteriosus, because of the marked en- 
largement in such a small infant. 
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The child was discharged on April 28, 1941, 
with a diagnosis of bronchopneumonia, second- 
ary anemia and congenital heart disease. 
Diagnosis: Patent foramen ovale;, fatent 
ductus arteriosus. 7 " 


The combination of an atrial derect and 
mitral stenosis 1s recognized bv a dilated 
right auricle, an absence of the normal 
shadow of the ascending aorta and a 
marked enlargement of the left auricle. 
This has been called Lutembacher's disease 
and is illustrated in the following case 
which did not come to autopsv, but is sub- 
mitted as a probable example. x 


Case v (Fig. 5). R. M. H., white female, aged 
two and one-half. Admitted to the Hospital 
on December 4, 1939, for observation. 

The child became blue around the nose and 
mouth when playing and at times she would be 
so weak and dizzy that she had to stop. She had 
a poor appetite and very little energv. She 
exerted herself only on much urging. 

Urinalysis and blood count were normal. 
Tuberculin test was negative. Pyelogram of the 
kidneys was normal. The heart sounds were 
normal; no murmurs heard. 





Patent foramen ovale and patent 
ductus arteriosus. In addition to the characteris- 
èe tics of patent foramen ovale, there is a marked 
bulging in the region of the pulmonary conus 
which is unusually large because both defects tend 
to dilate the pulmonary artery. 


FiG. 4. Case iv. 
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Roentgenogram of the chest showed an en- 
largement of the left ventricle, also enlargement 
ofthe right auricle and marked prominence of 
n. left auricle. The shape of the heart suggested 
mitral Wtenosis plus patent interauricular 
septum: 

The clfld was discharged with a clinical diag- 
nosis of congenital heart disease, probably 
patent interauricular septum. 


PATENT DUCTUS ARTERIOSUS 


The ductus arteriosus is a small vessel 
normally about 1 cm. long and 5 mm. in 
diameter, which connects the aorta in the 
region of the arch with the pulmonary 
artery. It has no function in post-natal life 
and closes within three weeks of birth. As 
a matter of fact, the work done recently bv 
Barclay and others would seem to indicate 
thatit closes within a few minutes of birth. 

[ts closure is brought about by the eleva- 
tion of the svstemic blood pressure after 
birth which makes pressure against and 
closes the aortic end. 

Different conditions may prevent this 
normal sequence of events. Atelectasis of 
the lungs has been suggested as one cause. 
Other congenital anomalies which cause a 
back pressure in the right side of the heart 
may cause the blood to flow backward 
through the ductus and prevent its closure. 
This anomaly is often seen in combination 
with interventricular defects or pulmonary 
stenosis, occasionally with patent foramen 
ovale. About two-thirds of all cases have 
an associated anomaly. For some reason it 
is seen much more frequently in the female. 

The flow of blood is from the aorta into 
the pulmonary artery and if the lesion is 
uncomplicated, there is no cyanosis or 
other symptoms except those which are 
brgught about by poor systemic circulation 
such as pallor, anemia, under-development 
and general signs of arterial depletion. 
After some unusual exertion, crying, cough- 
ing, or anything to raise the pulmonary 
circulation, the blood flows temporarily 
from the pulmonary artery into the aorta 
and a transient cyanosis occurs. Where 
there are other anomalies which eventually 


Diagnosis of Congenital Heart Lesions in Children 3794 





lic. 5. Case v. Interatrial defect plus mitral stenosis. 
In addition to the characteristic enlargement of 
the right auricle and absence of the ascending 
aorta, there is also a marked enlargement of the 
left auricle. 


bring about a reversal of flow the cvanosis 
is, of course, constant. 

The result of the shunt into the pulmo- 
nary artery 1s a dilatation of that structure 
which may reach a great size, more or less 
aneurvsmal in character and rupture of 
the ductus 1s one of the causes of death. 

If the ductus is not verv large, the onlv 
change in the heart may be a hypertrophy 
of the left ventricle in its effort to compen- 
sate for the lack of blood in the systemic 
circulation. If other anomalies are associ- 
ated there is a general enlargement of the 
heart. " 

In late stages an insufficiency. of «the 
pulmonarv valve may develop as a conse- 
quence of the greatly dilated pulmonary 
artery and this is followed by a dilatation 
of the right side of the heart. A character- 
istic murmur Is present in about one-third 
of all cases which persists through both 
svstole and diastole, and because of its to 
and fro quality has been called a “‘machin- 
ery murmur.” If present it is diagnostic of 
the lesion. 

The systolic portion of the murmur 1s 
supposed to be generated in the ductus, the 
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diastolic portion in an incompetent pul- 
monary valve. It is heard best in the second 
interspace on the left side and is accom- 
panied by a thrill. Radial pulse may be 
unequal, the left larger than the right. The 
electrocardiogram is not characteristic. 
There is a marked tendency toward the 
development of infective endocarditis 
which is often fatal. Calcified areas often 
develop at either end of the ostia and these 
predispose to rupture. 

Of 92 cases reported by Abbott, 28 died 
of endocarditis, 24 of decompensation, 16 
of sudden heart failure and 2 of rupture of 
the ductus. 

The roentgen appearance is quite char- 
acteristic in uncomplicated cases and before 
loss of compensation has taken place. 
Under these circumstances there is a 
marked enlargement of the pulmonary 
conus, often so great as to completely dis- 
tort the normal shape of the pulmonary 
arc. The heart itself is of normal size and 
shape with the possible exception of an 
enlarged left ventricle. The ductus itself 
cannot be seen because of its location and 
Its very short course. The dilated pulmo- 
nary artery when watched bv roentgeno- 
scope decreases in size with forced inspira- 
tion, and increases in size with forced 
expiration. Pulsation in. both aorta and 
pulmonary artery is increased in vigor. 

It is quite important to be able to recog- 
nize complicating anomalies, since uncom- 
plicated cases may be operated upon and if 
this is done before endocarditis develops, 
cure is possible. Where’ the ductus is not 
very large, roentgen examination Is ex- 
tremelv helpful as the marked dilatation of 
the pulmonary conus and the absence of 
other changes in the heart are quite typical. 

The other common causes of a dilated 
pulmonary conus are pulmonary stenosis 
and interauricular defects. The latter pro- 
duces other characteristic roentgen changes 
as already described, and the other two can 
usually be differentiated clinically, espe- 
cially if the "machinery murmur" is pres-* 
ent. 

Cases which are complicated by other 
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congenital defects present many difficulties 
in diagnosis, some of which are discussed 
elsewhere in this article. In the magn, 
general enlargement of the heart orgnarked 
enlargement of specific chambers zis sug- 
gestive of complicating anomalies f 

In this series of cases, there were 21 
which were diagnosed patent ductus ar- 
teriosus alone, and 18 which occurred in 
combination with some other lesion. As 
already stated, the characteristic roentgen 
changes are a dilatation of the pulmonarv 
conus, usually accompanied by an enlarge- 
ment of the left ventricle. If in additiog 
the characteristic "machinery murmur” is 
heard, there can hardly be anv doubt as to 
the diagnosis. 

The other congenital anomaly which 
often presents a similar roentgen appear- 
ance, namely, pulmonary stenosis, has a 
different type of murmur and should be 
easily differentiated clinically. 

The characteristic findings of an enlarged 
left ventricle and accentuated pulmonary 
conus are well illustrated in the following 
Case: 

Case vi (Fig. 6). E. M., white female, aged 
two months. Admitted to the Hospital on May 
30, 1941. 

The child was well until it was about one 
month old, but at that time began to vomit and 
was losing weight; she was extremely emaciated. 
There was a loud blowing svstolic murmur 
heard over the base of the heart. 

The cardiologist examined. the patient and 
thought she had a patent ductus arteriosus. 

A roentgenogram was made which showed an 
enlargement in the region of the right auricle 
and also in the region of the pulmonary cgnus. 
There was an absence of the aortic knob. The 
appearance was thought to be suggestive of 
patent foramen ovale plus patent ductus ar- 
teriosus. ‘ \ 

The child was discharged on June 15 and re- 
admitted on June 23 with a bronchopngumonia 
from which she died on the following day. 
Autopsy was not performed. i 

Diagnosis: Patent ductus arteriosus. 


Where a patent ductus arteriosus occurs 
in combination with a patent foramen 


ovale, the presence of both may be inferred 
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by the rapidity with which the pulmonary 
conus enlarges, due to the fact that addi- 
ional blood reaches this region by way of 
both gnomalies; that is, backward through 
the ductus and from the left auricle to the 
right Quricle, into the right ventricle and 
to the pulmonary artery. 

The combination of patent ductus ar- 
teriosus with ventricular septal defects, or 
with anomalous chambers, cannot be dem- 
onstrated by roentgen examination, to the 
best of my knowledge. 

It apparently requires more than a few 
days after birth for the dilatation of the 
pulmonary artery to develop in an un- 
complicated case of patent ductus. One 
case which died on the third day, and 2 
cases which died on the fourth day, came 
to autopsy and although all of them pre- 
sented a patent ductus and nothing more, 
the roentgenograms which had been made 
of all failed to show an enlarged pulmonary 
conus, or any other abnormality of the 
cardiac silhouette. 


TETRALOGY OF FALLOT 


The four lesions which make the 


tetralogy are: 


up 


I. Ventricular septal defect. 

2. Pulmonary stenosis. 

3. Dextroposition of aorta. 

4. Hypertrophy of right ventricle. 


The defect in the septum is high up under 
the cusps, is often round with smooth edges 
and may be large or small. 

The pulmonary stenosis usually com- 
bines a stenotic valve, often bicuspid ac- 
coding to Abbott, with hypoplasia or 
atresia of the pulmonary artery. The pul- 
monary conus is narrow and deformed. 
Mrobablv the narrowing of the artery is 
mainly due to a misplaced aortic septum 
encrgaching upon the pulmonary side, as 
an enlarged widened aorta is also a part of 
this combination. 

The aorta is unusually large and is dis- 
placed toward the right. It opens opposite 
the septal defect and receives blood from 
both ventricles. 
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ductus arteriosus. Note 


Patent 
marked bulging in the region of the pulmonary 


Fic. 6. Case vir. 


conus. 


The right ventricle is enlarged from hy- 
pertrophv in an effort to overcome the ob- 
struction of the pulmonarv stenosis, and 
also because of the back flow through the 
defect in the septum. Because of the dis- 
proportionate enlargement of the right 
ventricle, the heart is pushed up off the 
diaphragm and the apex displaeed upward, 
producing the “coeur en sabot” appearance 
previously mentioned as being character- 
istic of defects of the interventricular 
septum. s 

However, the roentgen appearance in 
the tetralogv of Fallot differs from that of 
an uncomplicated ventricular septal defect 
because of the other anomalies present. 
The stenosis of the pulmonary artery and 
conus produces a concave effect instead of 
the normal pulmonary arc, and the widened 
and displaced aorta is easily recognized 
definitelv to the right of its normal location. 
Taken together, these changes are specific 
and not difficult to recognize, so that the 
roentgen diagnosis 1s quite reliable. 





The inter- 


of Fallot. 


Fic. 7. Case vir. Tetralogy 
ventricular defect produces the characteristic 
wooden shoe shape. There is a concavity in the 
region of the pulmonary conus produced by pul. 
monary stenosis, the right heart is quite enlarged 
and the ascending aorta is displaced to the right. 


The cyanosis in these cases is rather 
marked and is accompanied by clubbing of 
the extremities and polycythemia which 
may reach 8 or g million. The increase in 
red cells in these cases of course, 
Nature's effort to compensate for the in- 
sufficient oxygenation of the blood. 

There is a systolic murmur heard best in 
the right second interspace 

The electrocardiogram shows a marked 
right axis deviation. 

In spite*of the severity of this combina- 
tion of lesions, patients may reach adult 
life. Constant engorgement of the pulmo- 
nary vessels, or gross enfargement of the 
righg ventricle is the most common indica- 
tion of earlv failure. 

In this series, 9 cases have been diag- 
nosed tetralogy of Fallot. As stated above, 
the roentgen appearance is quite character- 
istic. To the "coeur en sabot" already 
described is added a concave deformity in 
the region of the pulmonary conus brought 
about by the pulmonary stenosis. The right 
heart is quite enlarged, both auricle and 
ventricle participating, and the ascending 
aorta 1s dilated and bulges to the right as 
a result of the dextroposition which is a 
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part of the complex. Taken together, the 
roentgen silhouette of the heart is diag- 
nostic and can hardly be mistaken. 

The following is a fairly typical exginple, 
although a patent ductus is added*to the 
tetralogy of Fallot. 


Case vil (Fig. 7). J. B., colored male, aged 
two months. On May 18, 1940, admitted to the 
Hospital with a temperature of 103° F., lips 
and nail beds were cyanotic. The parents said 
the child had been cyanotic since birth. 

Both ears were found to be infected and pus 
was draining. The baby was placed in an oxygen 
tent. Examination failed to reveal any patho- 


. . . a 
logic lesion in the lungs or heart, although the 


heart sounds were not heard very well. 

Roentgen examination of the chest showed 
an enlargement of the left ventricle, the heart 
having a typical wooden shce appearance char- 
acteristic of patent interventricular septum. 
There was also an abnormal dilatation in the 
region of the ascending aorta. 

The patient did badly and died four days 
later. 

At autopsy, the heart showed a marked 
hypertrophy of the right ventricle. The pul- 
monary artery was atresic and consisted merely 
of a thin fibrous band to a point where it was 
joined by a patent ductus arteriosus which 
measured § mm. in diameter. Beyond this the 
pulmonary artery was normal. There was a 
defect in the ventricular septum. The aorta 
arose opposite the defect and astride the ven- 
tricular septum. It was dextroposed, but bore 
sharply to the left and across the left bronchus. 

Diagnosis: Tetralogy of Fallot; patent ductus 
arteriosus. 


EISENMENGER COMPLEX 


This name has been suggested by Abbott 
describe a combination of congenftal 
anomalies identical with the tetralogy 
Fallot except that the pulmonary Stenosis | 
or hypoplasia is absent. The lesions presewt" 
are a defect of the interventricular septum, 
a dextroposed aorta and hypertrophv of 
the right ventricle. 

The symptoms are not quite so severe 
in these cases, the cyanosis is moderate, 
set in much later. 

The lesion is distinguished by roentgen 
examination in that the pulmonary arc is 


of 


Ve 


VoL. 49, No. 3 


increased instead of being diminished as in 
the tetralogy of Fallot. Otherwise the heart 
isgdilated and the apex displaced upward 
- and the aorta dilated as in the tetralogy of 
Fallot. * 

We s, vn 2 cases diagnosed as the Eisen- 
menger Complex, but neither has come to 
autopsy and they are not included in this 
report. 


PULMONARY STENOSIS OR ATRESIA 


Under this heading may be considered 
stenotic lesions of the pulmonic valve, 
constriction in the region of the pulmonary 
conus, constriction of the pulmonary artery 


e just beyond the conus and complete occlu- 


sion in the same location. 

Stenosis of the valves may arise from 
developmental defects, or adhesions of the 
cusps, or from fetal endocarditis. 

Fetal endocarditis is presumably rare. 
According to Brown, congenital syphilis 
may cause myocarditis, but not endocardi- 
tis. Myocarditis may result in fibrous tissue 
formation and thus be the cause of atresia 
in the great vessels. 

In valvular stenosis the cusps are thick- 
ened or fused and form a funnel-shaped 
opening. If no other lesion is present the 
cyanosis is usually slight and may not ap- 
pear until adult lite, when there is dyspnea 
on exertion and epistaxis. If the obstruc- 
tion is considerable the foramen ovale is 
almost certain to be patent. 

The right ventricle is hypertrophied in 
valvular stenosis and the heart may present 
the typical wooden shoe enlargement. If 
the tricuspid valves also are involved, the 
right auricle will be dilated. Where valvular 
stenosis 1s due to endocarditis, the lesion 
Is progressive as the vegetations tend to 
Ingrease. In advanced cases there is marked 
cyanosis, “clubbing of fingers, stunted 
growth and polycythemia. There is a harsh 
systolic murmur heard best in the second 
and third interspaces on the left, which is 
accompanied by a thrill. The pulmonic 
second sound is absent. Uncomplicated le- 
sions of the pulmonary valve are rare. 

Stenosis in. the pulmonary conus is 
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caused by an encircling muscular or fibrous 
band which tends to produce an extra 
chamber between the pulmonary artery 
and the pulmonic valve. Vegetations are 
apt to form at the orifice of this false 
chamber as well as at the valve. 

Roentgen examination shows an accen- 
tuation of the pulmonary arc on the sil- 
houette of the left heart and dilatation of 
the right auricle. If the obstruction is 
marked the right ventricle enlarges ålso, 
followed by dilatation of the left heart and 
aorta. In terminal stages the entire heart 
is greatly enlarged. 

Constriction of the pulmonary artery 
beyond the conus presents the same picture 
clinically and by the roentgenogram as does 
conus stenosis. These lesions are seldom 
uncomplicated, being usually accompanied 
by patent foramen ovale, interventricular 
septal defects, or patent ductus arteriosus. 

In pulmonary atresia, the artery 1s com- 
pletely obstructed beyond the conus and 
for some distance is represented only by a 
fibrous cord. If there are no other congeni- 
tal defects to allow the blood to be shunted 
to the lungs, life is very short. The right 
ventricle is extremely rudimentary, form- 
ing a cor biatriatum triloculare. There is 
extreme cyanosis from birth and death 
occurs in a few hours or days. Roentgen 
examination shows a dilated right auricle 
and aorta with hypertrophy of the left 
ventricle. š 

Complete atresia is usually accompanied 
by other defects. The most common com- 
bination is a pattnt foramen ovale and 
ductus arteriosus. The blood then flews 
backward from the right into the left auri- 
cle, left ventricle to the aorta and through 
the ductus arteriosus into the pulmonary 
artery beyond the obstruction and thus to 
the lungs. 

Another combination of defects includes 
a patent ductus arteriosus plus a defect in 
the interventricular septum. Here the blood 
is shunted from the right ventricle into the 
left, to aorta, through the ductus to the 
pulmonary artery beyond the obstruction. 
This is essentially the tetralogy of Fallot, 





Fic. 8. Case vin. Diagnosed pulmonary stenosis by 
the cardiologist. There is a concavity in the region 
of the pulmonary conus and marked dilatation of 
the right side of the heart. 


the only addition being the dextroposed 
aorta. Sometimes there is a defect in both 
the auricular and ventricular septa, in 
addition to the pulmonary atresia. 

Pulmonary atresia 1s one of the most 
serious of all congenital defects and even 
where other anomalies allow a venous- 
arterial shunt, the incapacity is great and 
complications and loss of compensation 
occur comparatively early. The typical 
roentgen appearance is that of a greatlv 
enlarged heart, both right and left, and a 
dilated aorta. i 

lm this series, pulmonary stenosis alone 
was diagnosed in 2g cases, in combination 
with a ventricular defect in 7, and with an 
interauricular defect in one. 

In addition, it was present in 8 cases of 
the tetralogy of Fallot, 3 cases of Lutem- 
bacher’s disease, and in several of the cases 
of anomalous chambers. 

It would thus appear to be one of the 
most common congenital defects. Exclud- 
ing those cases complicated bv other de- 
fects, autopsy was performed in only one 
case. This would lead to the conclusion 
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either that the diagnosis was incorrect, or 
that children do not often die of uncompli- 
cated pulmonary stenosis. 

In the uncomplicated cases, the digtncsis 
was made usually by the clinicianfand not 


the roentgenologist. In 29 cases dfagnosed 
> = Pt e 


clinically, 11 were confirmed by “roentgen 
examination, 11 were thought to be normal 
and 8 abnormal, but no specific diagnosis 
could be made. 


In all of the cases of the tetralogy of 


Fallot, the characteristic concave depres- 
sion in the region of the pulmonary conus 
caused by pulmonary stenosis was readily 
recognized. 

This was seen in only 8 of the 29 cases 
diagnosed clinically as pulmonary stenosis 
alone. The following case is a good example 
of one of these: 


Case vill (Fig. 8). W. B., white male, aged 
thirteen months. Admitted to the Hospital on 
J une 29, 1940, witha history of having been ill 
for four weeks with an upper respiratory in- 
fection. For the last few days, respirations 
were so labored that admission to the hospital 
was advised. 

There was a discharge from both nostrils and 
the pharynx was inflamed. The chest showed 
impairment of percussion note over the left 
lower lobe, also fine crepitant ráles. 

Roentgen examination showed marked en- 
largement of the right side of the heart. The 
shadow of the ascending aorta was extremelv 
narrow. The shape of the heart suggested patent 
foramen ovale. The lungs were clear. 

The child was put on = sulfapyridine for 
pneumonia, and at the end of two davs his 
temperature was normal. 

The child was discharged with a diagnosis of 
bronchopneumonia; catarrhal otitis media scon- 
genital heart disease. 


Complete atresia of the pulmonary ar- 
tery was seen In 2 cases of tetralogyw of 
Fallot, constriction of the pulmonary conus 
in one. r 

Valvular pulmonary stenosis was not 
mentioned specifically in any clinical diag- 
nosis, although that may have been the 
type of stenosis the clinician had in mind. 
[t was not recognized at all on the roent- 
genogram. 


\ 
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a AORTIC STENOSIS 
e 
* 
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The narrowing is usually just below the 


— l ; "ln, i r be visualized o 
[his term is used here to include stenotic left subclavian, and may be visualized on 


I&ions of the aortic valve, constriction in 
the régjon of the aortic conus and in the 
adrta itself, usually just beyond the arch. 
° Compl&e obliteration of a portion of the 
aorta, aortic atresia, 1s also included. 

In valvular stenosis the cusps are thick- 
ened and rigid; thev may be fused, prob- 
ably from fetal endocarditis. A fourth cusp 
is sometimes present and fused with an- 
other cusp, thus causing stenosis. A bicus- 
pid aortic valve usually undergoes sclerotic 
changes with subsequent bacterial infec- 
tion. The left ventricle becomes hyper- 
trophied. The aorta is rather small. There 
is a systolic murmur accompanied by a 
thrill. The aortic second sound is dimin- 
ished. The blood pressure is low, the pulse 
is small, and the patient is apt to be poorly 
developed and anemic from poor circula- 
tion. Dissecting aneurysm of the ascending 
aorta and aneurysm of the sinus of Valsalva 
have been reported as complications of this 
lesion. 

Subaortic stenosis is a term applied to a 
narrowing of the left ventricle immediately 
below the aortic cusps. It usually takes the 
form of a fibrous collar encircling the aortic 
conus which has a tendency to become cal- 
cified. The clinical picture and the roentgen 
findings are the same as in valvular ste- 
nosis. 

Aortic stenosis, or coarctation of the 
aorta, is a narrowing of the lumen which 
is usuallv located just distal to the left 
subclavian vein and consequently in the 
regjon of the ductus arteriosus, most often 
just below it. In a great majority of cases 
the ductus is closed. However, there are a 
mumber of variations, the chief of which 
aif as follows: 


Stenosis of arch, ductus arteriosus patent. 

Stenosis of arch, ductus arteriosus closed. 

Complete atresia of arch, ductus arteriosus 

closed. 

4. Interruption of arch, 
patent. 

c. Absence of ascending aorta, 

teriosus patent. 
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ductus arteriosus 


ductus ar- 


roentgen examination, but it is not often 
possible to do so. The ascending aorta 
becomes quite dilated, part of the blood 
which should go into the descending aorta 
is forced through the anastomotic collateral 
circulation, largely the intercostal arteries. 
The dilated intercostals wear a groove on 
the under surface of the ribs, best seen from 
the third to the ninth, and about 2 *r 3 
inches from the spine. The recognition of 
these notches is the most reliable roentgen 
sign, combined with a dilatation of the 
ascending aorta. The left Ventricle also 
hypertrophies to overcome the increased 
resistance in the aorta; and in the later 
stages when the aortic valve becomes in- 
competent, there is a gross enlargement of 
the entire heart. 

Because of the increased amount of blood 
in the upper part of the body, there may 
be throbbing in the neck, fullness in the 
head, epistaxis, enlarged thyroid, the hands 
are warm and moist, the pulse in the wrist 
is full and bounding. In contrast to this, 
the deficient circulation in the lower part 
of the body causes numbness and cold feet, 
and the tibial pulse is weak or absent. This 
clinical syndrome is so constant and char- 
acteristic as to be diagnostic, even in the 
absence of roentgenologic confirmation. 
The only roentgen finding which is peculiar 
to this lesion is the groove on the under 
surface of the ribs, and this sign 1s absent 
if the ductus arteriosus is patent. It re- 
quires some time*for the anastomotic ves- 
sels to dilate sufficiently to produce, the 
groove on the ribs. Some authorities say it 
cannot be recognized in a child under six 
vears of age. A considerable percentage of 
cases die during infancy. If they survive 
until collateral circulation is established 
they usually reach early middle life and die 
of cardiac failure. Dissecting aneurysm of 
the ascending aorta has been reported, also 
rupture of the auricle. 

The most common congenital anomalies 
occurring in combination with coarctation 
of the aorta are bicuspid aortic valves, sub- 





Case 1x. Probable aortic stenosis. The heart 


FIG. 9. 
is generally enlarged, being globular in shape. The 
shadow of the ascending aorta is extremely nar- 
rowed. 


aortic stensosis and congenital aneurvsm 
of the sinus of Valsalva. Hypoplasia of the 
aorta, not strictly an aortic stenosis, may be 
found where there are other anomalies 
which prevent blood from reaching the 
aorta and it consequently atrophies. 

Aortic Atresia. In this condition a portion 
of the aorta is a fibrous cord, the lumen 
being completely obliterated. If the inter- 
ventricular septum is intact and the ductus 
arteriosus patent, the right chambers and 
the pulmonary artery are dilated, the left 
ventricle «s aplastic. This is essentially a 
"cor biatriatum triloculare." Occasionally 
a mitral atresia accompanies an aortic 
atresia and under theSe circumstances, 
wit) the foramen ovale patent, the left 
auricle 1s also rudimentary, presenting in 
effect a "cor biloculare.”’ 

In aortic atresia it is necessary for the 
ductus arteriosus to be patent, or the pa- 
tient cannot survive. The onlv blood which 
can reach the systemic circulation is from 
the pulmonary artery into the open ductus 
and thus into the aorta. Naturally cyanosis 
is extreme and the average duration of life 
is only a few days. 

In our series ther 


re were § cases diagnosed 
aortic stenosis, and 


$ cases diagnosed co- 
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arctation of the aorta. In 1 of those diag- 
nosed aortic stenosis, the roentgenogram of 
the heart was negative. In the otherg4 
the appearance was quite alike. Thg*hedart 
was considerably enlarged, in 1 ca$e quite 
globular, and the shadow of both4 the as- 
cending and descending aorta wit practi- 
cally absent. A typical case is the following: 


Case 1x (Fig. 9). P. P., colored female, aged 
five months. Admitted to the Hospital April 5, 
1939, with an abscess of the left thigh, tempera- 
ture of 104° F. The abscess was incised and pus 
evacuated. 

Roentgen examination showed an osteomye, 
litis of the femur. In addition to the osteomye- 
litis, the roentgenogram showed a moderate 
enlargement of the heart which was globular in 
shape, lying in the midline. The shadow of the 
aorta was not seen. 

The patient developed a bronchopneumonia 
on April 18, 1939, at which time further roent- 
gen examination showed a large area of con- 
solidation in the right lung due to pneumonia. 
The patient died on April 25, 1939. Autopsy 
was not done. 

Diagnosis: Probable aortic stenosis. 


Contrary to our expectations, 4 of the 5 
cases of coarctation had typical roentgen 
findings. The fifth case was complicated by 
a ventricular septal defect and the heart 
was so greatly enlarged that the shadow 
of the aorta was masked by the heart. This 
case came to autopsy. The other 4 cases 
whose ages were one month, one month, 
six months and seven months respectively, 
all presented a very striking appearance as 
if the left half of the aorta had been re- 
moved. This entire absence of the usual 
aortic shadow from the middle of the &rch 
onward was identical in each. Two of these 
cases came to autopsy, one of which is 
presented here. The left ventricle was «n? 
larged in all the cases. ° 


Case x (Fig. 10). T. C., white male, ged six 
months. Admitted to the Hospital on January 
1938. 

The child had a history of jaundice since the 
age of six weeks. He was fairly well nourished 
and did not appear acutely ill. The skin and 
mucous membrane were markedly jaundiced. 


/ 3 


ls 


VoL. 49, No. 3 


There was no dyspnea or cyanosis. The liver 
and spleen were somewhat enlarged. There was 
a@light anemia and slight leukocytosis. 

"At he end of three days, his temperature 
rose to 04° F. and examination showed the 
presencgof a pneumonia. A roentgenogram of 
the che showed a bronchopneumonia in the 
middle of the right lung, the right heart was 
dilated and the arch of the aorta was smaller 
than normal. The possibility of a congenital 
aortic stenosis was suggested. The child died on 
January 14, 1938. 

At autopsy, the ductus arteriosus was found 
to be patent, although the lumen was small. 


‘The aorta in the region of the arch was slightly 


smaller than the ascending portion. The fora- 
men ovale was patent. The valves were normal. 

Diagnosis: Patent ductus arteriosus; patent 
foramen ovale; coarctation of aorta. 


| have seen 2 cases of coarctation of the 
aorta in adults, but obviously the narrow- 
ing in the aorta could not have been nearly 
as great as in the case of the infants de- 
scribed above. As a matter of fact, the 
narrowing could not be seen in either of 
the adult cases. One of these, a bov aged 
sixteen, was being examined for insurance. 
There were no symptoms relative to this 
condition except dvspnea on exertion. 
Clinically, the pulse in the lower extremi- 
ties was almost absent, the blood pressure 
in the arms was 164/90, and go/60 in the 
legs. There was a svstolic murmur at the 
apex. Roentgen examination showed a 
slight enlargement of the heart, a dilated 
ascending aorta and the characteristic 
notching on the under surface of the ribs 
close to the spine which is caused by ero- 
sion from the dilated intercostal arteries. 

The other adult case was a man aged 
twenty-six, who had been told he had a 
congenital heart lesion and who entered 
thf hospital for an operation for anal fis- 
tula. He exhibited marked engorgement of 
the vassels of the neck and chest, blood 
pressure in the arms was 240 and in the 
legs 140. A roentgenogram of the chest 
showed a tremendous enlargement of the 
heart, but no constriction in the aorta could 
be demonstrated. There was some notching 
on the under surface of the ribs. Coarcta- 
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lic. 10. Case x. Patent foramen ovale. Patent duc- 
tus arteriosus. Coarctation of aorta. Note the 
hypertrophy of the left ventricle and the absence 
of the aortic shadow beyond the arch. 


tion of the aorta with failing compensation 
of the heart seemed obvious. 

| cite these 2 cases to emphasize the 
difference between the findings in this dis- 
ease in infancy and in adult life. It seems 
certain none of the infants reported here 
will reach adult life. 

One case of atresia of the aorta was pres- 
ent in this series. The obstruction in the 
aorta was just beyond the valves, the lu- 
men being about 1 mm. in diameter. It was 
accompanied by defects in both the auricu- 
lar and ventricular septa, and this prob- 
ably altered the appearance of the heart. 
There was enlargement of both the right 
and left sides of the heart, but curiofisly 
enough the shadow of the great vessels was 
not appreciably altered from the normal. 
Life, of course, 1s very short in cases of this 
sort. A brief description of this case follows. 


Case xi (Fig. 11). Baby W., white female, 
born March 28, 1938. This infant was cyanotic 
from birth. There was a loud systolic murmur 
over the entire precordium. 

Roentgen examination made March 29 
showed enlargement of the heart. The shadow 
suggested an interauricular defect. The infant 
died the following day. 





Fic. 11. Case xr. Atresia of aorta. Defects in both 
septa. Patent ductus The heart is 
generally enlarged, being globular in shape. The 
shadow of the ascending aorta 1s absent. 


arteriosus. 


Autopsy showed enlargement of the heart 
which lay transversely. The left ventricle was 
exceedingly small. The left auricle also was 
small, being nothing but a tiny appendage. 
The tricuspid and pulmonic valves were normal. 
The aorta was extremely stenotic, permitting 
only a fine wire to be passed. The lumen was 
estimated to be not more than 1 mm. in diame- 
ter. l'here was an opening 3 mm. in diameter in 
the interventricular septum. The foramen ovale 
was patent. The arch of the aorta was very 
narrow. The descending aorta was normal. The 
pulmonary artery was about twice normal size. 
The ductus arteriosus was patent and quite 
large. ° 

Diagnosis: Aortic atresia; defects in both 
septa; patent ductus arteriosus. 

e 


e TRANSPOSITION OF GREAT TRUNKS 


In complete transposition of the great 
trunks the aorta arises from the right ven- 
tricle, the pulmonarv arterv from the left 
ventricle. If there are no other defects, life 
must be extremelv brief as there 1s no wav 
for oxygenated blood to reach the svstemic 
circulation. 

The most common complication is a 
defect of the interventricular septum which 
allows a certain amount of mixing of blood 
in the two ventricles and at least permits 
life for a time. 


G. W. Grier 


MARCH, 1943 


A patent foramen ovale accomplishes 
the same purpose as does a patent ductus 
arteriosus. In this situation the larger tRe 
defect the better. The right heart bécomes 
greatly enlarged in complete transpositidn 
and with the marked dilatation of ghe great 
vessels which is also present, the heart 
assumes a globular shape. There is a 
marked cyanosis unless there are other 
defects mentioned above when the 
cyanosis 1s moderate. 

In partial transposition the aorta and 
pulmonary artery arise from the same ven- 


as 


tricle. r 


In corrected transposition, while the lo- 
cation of the aorta and pulmonary artery 
is reversed, each arises from its proper 
ventricle. 

In the only case which has come under 
our observation, there was an accompany- 
ing patent foramen ovale and patent duc- 
tus arteriosus. This allowed a certain 
amount of oxvgenation, but the babv was 
cvanotic from birth. Roentgen examination 
showed a very marked enlargement of the 
right side of the heart which naturally 
would follow in either of these defects. The 
general effect was a more or less globular 
shape which, together with the marked 
cyanosis, should have suggested the diag- 
nosis. T he exact nature of the defects, how- 
ever, Was not recognized until the case 
came to autopsy at the end of nineteen 
davs. 


Case xu (Fig. 12). Baby M., born April r4, 
1936, by cesarean section. Soon after birth the 
baby began having attacks of cyanosis. On 
April 16, respirations were 88, pulse 160. The 
breath sounds were normal. The child was blue. 
There was a systolic murmur to the left in the 
pulmonic area. 

Roentgenogram made on April 2° showed a 
marked enlargement of the right side of the 
heart. Another roentgenogram madé later 
showed the heart to be more distended than 
before. The cvanosis increased and the baby 
died on May 3. 

At autopsy the aorta was seen arising from 
the right ventricle and pursued the usual course. 
The pulmonary artery arose from the left ven- 


s 
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tricle and pursued its usual course, giving off a 
right and a left branch. The ductus arteriosus 
wes patent. The foramen ovale was open. The 
hdart\yas otherwise normal. 

Diagifosis: Transposition of great trunks; 
patent iun arteriosus; patent foramen ovale. 


PERSISTENT RIGHT AORTIC ARCH 


In early embrvological life there are six 
pairs of aortic arches. Of these, the first, 
second and fifth pair disappear entirely. 
The third pair become the internal carotid 
arteries. The fourth right arch becomes the 
jnnominate artery and right subclavian. 
The fourth left arch becomes the arch of 
the aorta. The sixth pair become the pul- 
monary artery and ductus arteriosus. 

If the fourth left arch becomes stenotic 
during fetal life, the result 1s coarctation of 
the aorta; or if the lumen is completely 
obliterated, the right arch takes its place, 
producing the anomaly under discussion. If 
the left arch persists partly and the right 
also persists, the left root causes a rounded 
projection similar to the normal aortic knob 
and confuses the diagnosis. 

If both right and left arches persist, the 
ascending aorta divides and one branch 
goes behind the trachea and esophagus, 
while the other goes in front, thus com- 
pletely encircling the structures with a 
vascular ring. The two branches meet again 
posteriorly and merge into the descending 
aorta. This anomaly is of clinical signifi- 
cance since the pressure of the aorta on 
the esophagus causes dysphagia in later 
life when degenerative vascular changes 
begin to appear. 

n this anomaly, roentgen examination 
of the esophagus with a barium meal shows 
a round defect on the posterior surface of 
the esophagus where it is compressed by 
the aorta. 

In persistent right aorta, the ascending 
aorta occupies its usual position, or 1t may 
be displaced somewhat to the right. The 
aortic arch extends backward instead of to 
the left and the usual aortic knob on the 
left side is absent. The descending aorta 
goes downward to the right of the spine. 
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Fic. 12. Case xir. Transposition of great trunks. 
Patent foramen ovale. Patent ductus arteriosus. 
The right heart is more enlarged than the left, 
but there is nothing characteristic in the shape of 
the heart which would suggest the transposition. 


The trachea is displaced to the left by the 
descending aorta and if a barium meal is 
given under the roentgenoscope, the esoph- 
agus will be found displaced to the left 
and also anteriorly. The appearance on the 
roentgenogram, as well as the displacement 
of the esophagus as revealed with the 
barium meal, are quite characteristic and 
should make the diagnosis. Thi$ anomaly 
alone does not shorten life. 

Three cases of persistent right arch have 
occurred in our Series. The roentgen ap- 
pearance is quite characteristic. Thee as- 
cending aorta is definitely larger than 
normal and also bulges more to the right 
than is usual. The aortic knob is at the 
upper end of the ascending aorta and 
projects to the right instead of to the left. 
There is no shadow of the aortic knob in its 
normal location and no descending aorta. 
The appearance is somewhat similar to 
that seen in the cases of coarctation re- 
ported elsewhere in this article except that 
in coarctation the aorta looks as if the left 
half had been cut away with a knife, but in 





Fic. 13. Case xin. Persistent right arch of aorta. 
Persistent truncus arteriosus. Defects in both 
septa. The absence of the aortic knob in its usual 
position on the left side and the bulging of the 
aorta to the right are indicative of persistent right 
arch. 


persistent right arch the impression is that 
of the entire aorta being displaced toward 
the right. The case reported below also 
presented other anomalies, but the ap- 
pearance of the aorta is identical with that 
seen in the other two cases. 


Case xiii (Fig. 13). G. C., white female, aged 
two and one-half. Admitted February 24, 1933. 
The child was undernourished; lips and finger 
nails were cyanotic; tonsils were large. There 
was a loud systolic murmur at the apex trans- 
mitted to the vessels of the neck; also a systolic 
murmur in the aortic region. Patient was dis- 
charged with a diagnosis pf congenital heart 
disease. 

She was seen a vear later at which time the 
conditions were about the same. 

She was readmitted May 8, 1937, with an 
otitis media. At this time there was some bulg- 
ing in the precordial region. Otherwise, the 
heart examination was the same as before. A 
diagnosis of interventricular septal defect was 
made at this time. 

She was readmitted on February 11, 1939, 
because of an acute illness accompanied by 
cough, fever and extreme cyanosis. Roentgen 
examination of the chest showed an enlarge- 
ment of the heart in the region of the left 
ventricle. The right auricle also was enlarged. 
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There was a large protruding shadow in the 
region of the ascending aorta. 

The child died on February 25, 1939. ' 

At autopsy, the heart was markedly enj&rged, 
particularly the right side. The foramen ovale 
was patent and measured 8 mm. in diameter. 
The wall of the right ventricle bi cm. 
thick. There was a defect measuring 1.5 cm. in 
the interventricular septum. The mitral and bi- 
cuspid valves both showed numerous vegeta- 
tions. There was a persistent truncus arteriosus 
which straddled the septum. The great vessels 
arose from their usual position, but the pul- 
monary artery was given off distal to the base 
of the arch. The arch of the aorta did not extend 
to the left, but turned posteriorly and went 
down to the right side of the vertebral column. 

Diagnosis: Patent foramen ovale; patent 
interventricular septum; persistent truncus 
arteriosus; persistent right arch of aorta; vege- 
tative endocarditis. 


ANOMALIES OF AORTIC SEPTUM 


The aorta and pulmonary artery develop 
from a common trunk bv the growth of a 
septum which extends lengthwise of the 
vessel and separates it into two parts. If 
this septum does not develop, the condition 
resulting is a persistent truncus arteriosus. 
The septum may be perforated, producing 
defects of the aortic septum. If the septum 
develops far over toward the pulmonary 
artery side, the result is a stenosis or atresia 
of the pulmonary arterv. If it encroaches 
on the aortic side, we have aortic stenosis 
or atresia. The two latter conditions are 
discussed elsewhere in this article. 

Persistent Truncus Arteriosus. In. this 
condition only one great trunk arises from 
the heart, the pulmonary artery being ab- 
sent. A right and left pulmonary artery 
are given off the aorta at some distance 
above the valves and the blood reaches the 
lungs through these. The truncusgarterioNis 
arises either from the right ventricle or 
astride the ventricular septal defectewhich 
is always present. The only path for blood 
to leave the heart is through this trunk 
which is continuous with the remainder of 
the aorta. There is, of course, a free ad- 
mixture of arterial and venous blood, but 


partial oxygenation can take place and life 
9 
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may be prolonged into adolescence. The 
heart is enlarged both to right and left. 
(@yanosis is marked. 

"Oter congenital anomalies which have 
been reported in combination with this are 
patentánterauricular septum and persistent 
right arth of aorta. 

Defects of the aortic septum are usuallv 
found in the right aortic sinus of Valsalva 
and lead into the pulmonary conus. The 
result, of course, is a communication be- 
tween the aorta and the pulmonary artery 
through which the blood passes from left 
to right. Because the flow is in this direc- 
tion, cyanosis is absent. The pulmonary 
artery becomes much dilated as in patent 
ductus arteriosus which it greatly resem- 
bles, both in the result brought about by 
the shunt and in the clinical and roentgen 
signs. The heart becomes enlarged gener- 
ally; there is a continuous murmur because 
the blood flows continuously through the 
abnormal opening. Infective endocarditis 
is acommon complication and the average 
age at death is fourteen years. There were 
no examples of this defect in any of our 
cases which came to autopsy and it was 
not recognized in any other. 

Persistent truncus arteriosus occurred a 
number of times, always in connection with 
a ventricular septal detect. It was common 
in our cases of the tetralogy of Fallot. In 
most of our cases the pulmonary artery 
arose from the aorta just beyond the left 
subclavian artery, but in one case it arose 
just beyond the pericardium. 

The diagnosis of persistent truncus 
arteriosus is probably not possible in life. 
By roentgen examination 1t cannot be 
differentiated from a dextroposed aorta 


„With pulmonary stenosis which is the usual 


cAmbinatjon in the tetralogy of Fallot. 
Persistent truncus arteriosus was present 
in Cases II, XIII, XIX and XXI. 


ANOMALOUS CHAMBERS 


Cor Biventriculare Triloculare. In this 
condition the septum between the auricles* 
is absent. If there are no other anomalies, 
cyanosis is slight until the terminal stages. 
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However, other cardiac anomalies are fre- 
quently present. The most common are 
anomalies of the pulmonary veins, or of the 
vena cava. Dextrocardia, transposition of 
vessels and defect in the interventricular 
septum have all been reported as complica- 
tions of this defect. Death occurs from 
cardiac failure. 

In the 3 cases which have occurred in our 
experience the roentgen appearance was 
not characteristic. In one of these the right 
ventricle was so rudimentary that it was 
practically functionless. This was evidently 
due to a combination of pulmqnary stenosis 
and ventricular defect which was present, 
in addition to the absence of the interauric- 
ular septum. In the other 2 cases the shape 
of the heart was quite different; in one the 
heart being verv large apparently because 
of insufficiency of the mitral valve; in the 
other, a very large defect in the inter- 
ventricular septum altered the shape. Ap- 
parently the appearance in this anomaly is 
controlled largely by the accompanying 
defects. 


Case xiv (Fig. 14). J. S., white male, aged 
five months. Admitted to the Hospital May 13, 
1939, because of cyanotic spells which were 
first noticed when the baby was six weeks old. 
At first these were of short duration, but for the 
past two months the child was cyanotic most of 
the time. 

He was dusky over the entire body, the color 
varying from light blue to deep purple. He was 
listless and apathetic. He appeared acutely ill. 

The heart was gomewhat enlarged to the 
right on percussion. There was a systolic mur- 
mur heard over the left base. The liver® was 
somewhat enlarged. 

The roentgen examination of the chest 
showed an increase in the size of both the heart 
and the aorta. A second examination made 
about one week later showed an increase in the 
size of the heart. 

The patient was placed in an oxygen tent and 
and given coramine. He improved somewhat 
and was discharged from the Hospital on June 
4, 1939, with a diagnosis of congenital heart 
disease. 

He was readmitted on September 1, 1939, 
with marked cyanosis, labored respiration, 





the 
Detect in interventricular sep- 
Pulmonary stenosis. 


Fic. One auricle; two ventricles, 


I4. Case xiv. 
right rudimentary. 
tum. 
could not be diagnosed from the roentgenogram, 
but the small size of the right ventricle is evident 
and the normal shadow of the pulmonary conus is 
absent. 


These lesions probably 


temperature of 104° F. diagnosis of pneu- 
monia was made. The child became progres- 
sively worse and died on September s. 
Autopsy: The heart was about twice normal 
size. It lay in almost transverse position, the 


right lateral border on the diaphragm. There 
was no septum between the right and left 


auricles, the vena cava and pulmonary veins 
both emptying into the same cavity. There 
was only one auriculoventricular orifice and this 
had five leaflets. It was somewhat to the left 
and opened into the left vegtricle. There was a 
small opening 3 mm. in diameter in the inter- 
ventticular septum. The aorta arose from the 
left ventricle to the left of the ventricular sep- 


tum. The aorta was some what dilated and ran 
a normal course. The ductus arteriosus was ab- 
sent. The right ventricle was extremely rudi- 


mentary and consisted only of a potential 
cavity in the right wall of the left ventricle. It 
opened into the left ventricle by a small defect. 
The pulmonary artery arose from the right 
ventricle to the left of the aorta. [t was stenotic, 
measuring 2 cm. in circumference at the pul- 
monic valve. The pulmonic valve had only two 
cusps. The remaining course of the pulmonary 
artery was normal. 
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Diagnosis: Cor biventriculare triloculare; de- 
fect in interventricular septum; pulmonary 


stenosis. , 
[3 


Cor Biatriatum Triloculare. A right ayd 
left auricle open into one agile from 
which both the aorta and the pulmonary 
artery arise. A more frequent deformity 
which is really not a three-chambered heart 
occurs in the presence of atresia of the mi- 


tral valve where the left ventricle 1s so 
small as hardly to be recognizable. The 
aorta arises from the rudimentary left 


ventricle in this case, but is also hypo- 


plastic and unless the ductus er a Is" 


patent life is very briet 

In true cor biatriatum triloculare, both 
the aorta and the pulmonary artery arise 
from a common ventricle in which there is 
a free admixture of arterial and 
blood. However, 
cyanosis as most of the venous blcod goes 
into the pulmonary artery and most of the 
arterial into the aorta because the respec- 
tive location of these trunks favors flow 
in that direction. The heart is quite large 
and the shadow of the great vessels smaller 
than normal. The right ventricle is particu- 
larly large and the pulmonary artery small. 
These cases mav live to adult life. The 
oldest age at death reported is thirty-five 
vears. 

We have had 4 cases presenting this de- 
fect. One of these was evidently due to an 
absence of the ventricular septum, but the 
other j were secondarv to an atresia 
the aorta or pulmonary artery which made 
the respective ventricle useless and conse- 
quently rudimentary. There was nothing 
characteristic in the shape of the heart in 
any of the The case reported below 


Venous 


Cases. 


there is not a great deal of 


ot 


was due to absence of the interventricu&ar* 


* 
septum. 


Case xv (Fig. 15). J. H., white malé, aged 
one month. Admitted to the Hospital October 
26, 1935, because of feeding difficulty and also 


because he had attacks in. which he became 


* 
blue. 
The child has had cyanosis and shortness of 


breath since birth. He seemed undernourished, 


~ 
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had cyanosis of the lips, fingers and toe nails, 
and duskiness of the skin. The heart was en- 
latged downward; impulse at the costal angle. 
The Part sounds were booming. There was a 
load sy9tolic murmur at the apex. Pulse rate 
was about 150. 

On Ocpber 28, 1935, roentgenograms of the 
chest showed enlargement of the heart, and 
areas of consolidation in the right upper lobe, 
thought to be due to pneumonia. The child was 
placed in an oxygen tent, but died the next day. 

Autopsy of the heart showed a patent ductus 
arteriosus, the lumen being about 6 mm. in 
diameter. There was an enormously dilated 
sight auricle, a small left auricle and one ven- 
tricle which was conical in outline. The pul- 
monic and aortic valves were normal. The tri- 
cuspid valve was normal. There was no mitral 
valve. The left auricle was open and found to be 
a small blind pouch through which the blood 
flowed to the right auricle through a patent 
foramen ovale. 

Diagnosis: Cor biatriatum triloculare; patent 
ductus arteriosus. 


Cor Biloculare. Complete absence of both 
auricular and ventricular septa is very rare 
and is usually associated with other anoma- 
lies. The condition is most serious. Pro- 
found cyanosis is present at birth and life is 





Fic. 15. Case xv. Cor biatriatum triloculare. Patent 
ductus arteriosus. See text for description of heart 
at autopsy. 
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Patent ductus 


xvi. Cor biloculare. 
arteriosus. Patent foramen ovale. Atresia of pul- 
monary artery. Diagnosis of congenital heart dis- 
ease was obvious in this case, but the exact nature 
of the lesion was not known until autopsy. 


FiG. 16. Case 


verv brief. The one case which has occurred 
in our experience died at the end of twenty- 
three days. The heart was extremely en- 
larged in this case and more or less globular 
in shape. It was obvious that a serious 
anomalv was present, but differentiation 
was not possible until the case came to 
autopsy. 


Case xvi (Fig. 16). Baby L., colored female, 
born December 25, 1939. e 

This child was cyanotic and extremely dys- 
pneic from birth. A roentgenogram showed 
a marked enlargement of the supracardiac 
shadow, and the heart also was much enlarged 
and globular in shape. The child died a? the 
end of twenty-three days. 

At autopsy a very large heart was found 
which almost hid the lungs from view. The 
aortic arch was normal. There was a patent 
ductus arteriosus. The right ventricle 
large. The pulmonary artery was obliterated 
from the heart to the ductus arteriosus. The 
right auricle was very large. There was a patent 
foramen ovale which opened into a tiny left 
auricle. The left ventricle was a mere slit which 
was separated from the right ventricle by a 
hypertrophied papillary muscle, through which 
communication could be established. There 


was 





Vic. 17. Case xvir. Tricuspid stenosis. Patent fora- 
men ovale. There is a marked enlargement of the 
left ventricle, and a concavity instead of a con- 
vexity in the region of the pulmonary conus. 


was practically no identifiable left auricle or 
ventricle. 

Diagnosis: Cor biloculare; patent ductus 
arteriosus; patent foramen ovale; atresia of pul- 
monary artery. 


CONGENITAL VALVULAR LESIONS 


These lesions may be developmental, or 
the result of infection in utero. There is a 
difference of opinion regarding fetal endo- 
carditis, some authorities believing it does 
not occur. Be that as it may, the actual 
pathology is a deformity, thickening or ad- 
hesions of cusps which interfere with proper 
action. Sofnetimes there are only two cusps 
where there should be three, or there may 
be supernumerary cusps. Of itself the num- 
ber of cusps is not significant, but the 
bicuspid valve may be incompetent, or the 
supernumerary cusp may adhere to another 
and cause either stenosis or insufficiency. 

Tricuspid stenosis is often associated 
with pulmonary stenosis; aortic and mitral 
stenosis occur together. 

Tricuspid stenosis results in a dilatation 
of the right auricle; the right ventricle is 
very small. If there is a defect in the ven- 
tricular septum the left ventricle hyper- 
trophies, the aorta is widened and the 
normal pulmonary arc is absent. If the 
stenosis is very marked the right ventricle 


G. W. Grier 


MARCH, 1943 


is rudimentary, producing one form of cor 
biatriatum triloculare. Cyanosis is very 
marked. Roentgen examination shows fa 
rather globular-shaped heart, the right 
auricle and the left ventricle being particu- 
larly enlarged. 

Only one case of this defect occurred in 
our series. The anomalv was a develop- 
mental defect, there being only one cusp 
which was attached in such a wav as to 
produce marked stenosis. While diagnosis 
from the roentgenogram would perhaps not 
be justifiable, there is a definite enlarge- 


ment of the left ventricle and the area of, 


the pulmonarv conus is concave instead of 


convex. The defect was not recognized 
until autopsy, although it should probably 
have been suspected from the roentgeno- 
gram. 


Case xvii (Fig. 17). C. O., white male, aged 
one year. Admitted to the Hospital on Decem- 
ber 25. 1934, because of fever and restlessness. 
This was found to be due to a suppurative 
otitis media. Signs of meningitis developed. The 
baby finally improved and was discharged on 
January 21, 1935. At the time of admission 
there was a marked systolic murmur over the 
entire chest, but loudest over the base. 

The child was readmitted on February 25, 
1935, because of fever and difficulty in feeding. 
An otitis media was found on the right side. 
There were a few rales in the chest. The heart 
murmur seemed louder than on the previous ad- 
mission. The child was discharged on March 7, 
1935. 

He was readmitted on July 29, 1935, in a 
stuporous condition, with continuous clonic 
convulsions. The head turned to the left and a 
left nystagmus noted. Ráles were heard through- 
out the chest. The heart was very rapid and a 
loud systolic murmur noted over the pulmonic 
area. A diagnosis of bronchopneumonia with 
possible meningitis was made. The child dfed 
on July 29, 1935. 

Autopsy: The right side of the heart was 
markedly dilated. The wall of the right auricle 
and ventricle were distinctly hypertrophied. 
The tricuspid valve had only one cusp and it 
was attached in such a way as to allow only a 
very small orifice. The foramen ovale was 
patent, but otherwise the heart and great ves- 
sels were normal. 
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Diagnosis: Tricuspid stenosis; patent fora- 
men ovale. 


"Tri cuspid insufficiency is usually due to 
developmental defects in the cusps, either 
as to number or shape. The right auricle 
becomesgmuch dilated, the right ventricle 
is also somewhat larger than normal. 
Patent foramen ovale mav be present, but 
other anomalies are rare. Cvanosis varies, 
but is apt to be marked and the lesion may 
be serious. The heart becomes generally en- 
larged, there is a loud svstolic murmur in 
the third and fourth interspaces close to 
the sternum. A thrill may be present. In 
late stages the veins of the neck become 
distended, the liver enlarges and there 1s 
passive congestion of the viscera. 

In this series of cases there was one (Case 
xx1) in which neither mitral nor tricuspid 
orifices had any valves whatever. This 
might perhaps be classified as a case of in- 
sufficiency. There were so many other de- 
fects present that any valvular lesion could 
hardly have been recognized. 

Mitral Stenosis. According to Abbott this 
lesion is very rare. If present it is develop- 
mental in character. The left heart and 
aorta are hypoplastic, the ductus arteriosus 
is usually patent, and often the foramen 
ovale. The right heart is enlarged, the left 
ventricle may bea mere slit, thus producing 
the other form of cor biatriatum triloculare. 
Life is extremely short in this lesion and 
probably diagnosis can be made only at 
autopsy. 

Mitral stenosis was diagnosed in 3 cases 
of this series. The stenosis was due to 
thiekening and fibrosis of the cusps. In 1 
case which came to autopsy the heart was 
extremely dilated, but as there was also a 
alefect in both septa and a patent ductus 
arteriosus$ it is difficult to estimate what 
part of the deformity was due to the mitral 
stenosis. 


Case xvi (Fig. 18). C. B., white male, aged 
twelve weeks. Admitted to the Hospital June 5, 
1934. 

When this 
had extreme 


baby was three weeks of age, it 
difficulty in breathing. A roent- 
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Fic. 18. Case xvi. Defects in both septa. Patent 
ductus arteriosus. Mitral stenosis. While it was 
obvious this child had congenital heart disease, the 
exact nature of the defects could not be estimated 
because of the extreme dilatation of the heart. 


genogram was made and a diagnosis of enlarged 
thymus made. Roentgen treatment was given, 
but without any improvement in the baby’s 
condition. The difficulty in breathing and the 
cyanosis have continued up to the time of ad- 
mission. 

There was a bulging of the upper part of the 
chest and marked indrawing of the epigastrium 
on inspiration. Examination of the heart showed 
marked enlargement, with tachycardia, but no 
murmurs, no thrill. 

Roentgen examination revealed. an enor- 
mously dilated heart. The diagnosis of enlarged 
thymus was not substantiated. 

The baby died on, June 6, 1934. 

Autopsy: Both afiricles were very large. The 
ventricles were not increased in size. The left 
seemed somewhat smaller than normal. The 
ductus arteriosus was patent. There was a very 
large defect in the ventricular septum. There 
was a large opening in the interauricular septum 
above the foramen ovale. The mitral valve was 
somewhat stenotic. It would not admit the tip 
of the little finger. The thymus was somewhat 
enlarged, weighing 17 grams. 

Diagnosis: Defect in both septa; patent duc- 
tus arteriosus; mitral stenosis. 


[n another case reported below (Case 
xx), the left ventricle was markedly en- 
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Fic. 19. Case xix. In this case the left auricle did not 
connect with any other chamber of the heart. 
There was an interventricular defect which pro- 
duced the characteristic wooden shoe shape seen. 
There was a persistent truncus arteriosus which 
was dextroposed and seen somewhat to the right 
of the usual location of the ascending aorta. 


larged which is a little difficult to under- 
stand as this is not the change one would 
expect to find in this defect. Two cases 
which came to autopsv had no mitral orifice 
whatever. One of these is illustrated in 
Case xix. 


Case xix (Fig. 19). F. G., white female, aged 
eight days. Admitted to the Hospital February 
25, 1939, because of a mild degree of cyanosis 
and inabifity to get the child to take food. 
Cyanosis was more marked when the baby 
cried. 

Respirations were nornfal. The heart was 
slightly enlarged to the left. There was a soft 
systolic murmur at the apex. 

Roentgen examination of the chest showed a 
marked enlargement of the right side of the 
heart and the apex was displaced upward. The 
shape of the heart suggested patent inter- 
ventricular septum. 

The cardiologist examined the heart and re- 
ported a slight enlargement of the heart, with a 
soft systolic murmur over the base and diffuse 
cyanosis. His diagnosis was congenital heart dis- 
ease, probably patent foramen ovale. 

The child was readmitted on March 9, 1939, 
with the same symptoms, only much worse. 
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Breathing was very difficult and the child very 
cyanotic. She was placed in an oxygen tent. She 
died the next day. $ 

Autopsy: The heart was enlarged, pgrticu- 
larly the right side which showed dilatation and 
hypertrophy. The right ventricular wall was 
almost as thick as the left. There was a defect 
in the interventricular septum, the upper third 
being missing. Immediately above the septal 
defect arose a persistent truncus arteriosus. A 
small pulmonary artery was given off just be- 
vond the pericardium. The remainder of the 
aorta was normal. There was complete atresia 
of the left auricle which did not communicate 
with the other chambers of the heart. The pul- 
monary veins emptied into the right auricle? 

Diagnosis: Cor biventriculare; persistent 
truncus arteriosus; defect of interventricular 
septum. 


A case of mitral stenosis 1s reported be- 
low. 


CasE xx (Fig. 20). J. C., white male, aged 
two. Admitted to the Hospital on August r9, 
1935. 

The patient was poorly nourished; had 
marked pallor. He was not acutely ill. He had 
some clubbing of the fingers. The lungs were 
clear. The heart was enlarged to the left. There 
was a blowing systolic murmur over the entire 
precordium. The second pulmonic sound was 
accentuated. There was a thrill over the pre- 
cordium. There was no history of rheumatic 





Frc. 20. Case xx. Mitral stenosis with thickening 
and fibrosis of the cusps. Marked hypertrophy of 
the left ventricle probably due to increased effort 
to supply enough blood to the systemic circulation. 
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fever. À large mass occupied the right side of 
the abdomen which, after investigation, was 
dygnosed hvpernephroma. Patient was dis- 
charged on September 16, 1935. 

He regurned for roentgen treatment over the 
kidney tumor. 

He was readmitted on November 29, 1935, 
because of a general deterioration in his condi- 
tion. A roentgenogram made of his chest showed 
a marked enlargement of the entire heart and 
numerous areas of consolidation throughout 
both lungs, diagnosed pneumonia. He became 
steadily worse and died on December 1, 1935. 

At autopsy, tumor of the kidney was found 
as had been anticipated. On examination of the 
‘heart, the mitral valve was thickened and 
fibrotic. The tricuspid valve was normal. The 
wall of the right ventricle was about 1.5 cm. 
thick. Heart was otherwise normal. 

Diagnosis: Mitral stenosis. 


DEXTROCARDIA 


If dextrocardia occurs as a part of a 
general situs inversus, it has no clinical 
significance. When it occurs otherwise it 1s 
always complicated by other cardiac 
anomalies, according to Roesler. 

We apparently have an exception to this 
rule in one case which was not accompanied 
by transposition of other organs and in 
which no cardiac defect could be demon- 
strated. The case was followed for thirteen 
months and presented no symptoms of 
cardiac disturbance during this period. 
There mav, of course, be some anomalv not 
vet discovered. 

The case presented below had a number 
of anomalies. The persistent right arch was 
recognized ante mortem, but the entire list 
of Anomalies was not appreciated until the 
case came to autopsv. 


è QasE xxi (Fig. 21). L. B., colored female, 


aged severe months. Admitted to the Hospital 
on December 6, 1940. 

Theechild has had a discharging ear for the 
past four months and frequent head colds. On 
November 36, she developed a heavy chest cold 
with a cough. When admitted, she had difficulty 
in breathing and a high fever. 

Examination of the chest showed numerous 
rales, but a definite diagnosis of pneumonia 
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Fic. 21. Case xxr. Dextrocardia. Two auricles, one 
ventricle. Persistent truncus arteriosus. Atresia of 
pulmonary artery. Stenosis of aorta. See text for 
autopsy description. 


could not be made. The heart was much en- 
larged. The heart sounds were loud and heard 
best over the right side of the chest. No murmur 
was heard. 

Roentgen examination revealed a dextro- 
cardia, but no transposition of the organs as the 
liver was on the right side. In addition to the 
dextrocardia, there was an abnormal dilatation 
in the region of the ascending aorta, suggesting 
the possibility of a persistent right-sided arch 
which, in this case, would be a left-sided arch. 
There was a large area of bronchopneumonia in 
the middle of the left lung. 

The child died on December 12, 1940. 

Autopsy: When the chest was opened, the 
apex of the heart was on the right side. Both 
auricles were posterfor. The heart had a globular 
appearance. There was only one vessel arjsing 
from the heart. This was the aorta which was 
widely dilated. The pulmonary artery was 
entirelv obliterated from the heart to a point 
where it joined with a small vessel which arose 
from the arch of the aorta and which took the 
place of the pulmonary artery. The descending 
acrta was about half the size of the ascending 
aorta. There were two auricles and both con- 
nected with a common ventricle, and the wall 
of this ventricle was a rudimentary right ven- 
tricle which had failed to develop. A probe could 
be passed through a small opening in the ven- 
tricular septum into this space. There were no 
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valves at the tricuspid or mitral orifice, or at the 
vessel acting as a pulmonary artery. 

Diagnosis: Cor biatriatum triloculare; dextro- 
cardia; persistent truncus arteriosus; atresia of 
the pulmonary artery; coarctation of aorta. 


CONGENITAL IDIOPATHIC HYPERTROPHY 


It seems probable that this is not really 
an entity, but an acquired enlargement 
from any one of many causes. Congenital 
tumors of the heart are hardly idiopathic, 
the glycogen infiltration of heart muscle 
seen in small infants is probably not con- 
genital and is definitely secondary. Like- 
wise, the so-called beri-beri heart must be 
acquired. 

We have recentlv seen an infant about 
two months old with a very large heart who 
has a congenital obstructive jaundice. One 
can think of many pathological processes in 
very young infants which might bring 
about enlargement of the heart. 

Among the cases we have seen may be 
mentioned congenital stricture of the larynx 
in an infant one month old; congenital bi- 
liary duct anomaly in a child of ten months; 
erythroblastosis in a child of one vear; 
avitaminosis in a child of two vears. 

In these cases there is a general enlarge- 
ment of the heart, not characteristic of any 
particular anomaly. Murmurs are often 
heard, sometimes not. The diagnosis de- 
pends upon the recognition of the under- 
lying cause. The roentgen examination is 
not of a great deal of help except that it 
rules out those anomalies which present 
characteristic alterationsgn the shape of the 
heart. 


? SUMMARY 


As regards roentgen diagnosis, congenital 
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anomalies mav be divided into three classi- ° 
fications: \ 


ry. . . . © 
A. Those with characteristic roentgen 


B. 


appearance. x S 

Those in which the appearance *is 

either not characteristic, or else simi- e 
or i " 

lar in different lesions. 

Those in which the roentgen appear- 

ance is either normal or abnormal, but 

offers no help in differentiating the 


lesion. 


Under 4 may be mentioned: 


, ^ 
—À 
. 


O Sees 


UP 


I 


Defect of interventricular septum. , 
Defect of interatrial septum, including 
patent foramen ovale. ° 
Lutembacher’s disease. 

Patent ductus arteriosus in most cases. 
Tetralogy of Fallot. 

Pulmonary atresia. 

Coarctation of aorta usually. 
Persistent right arch of aorta. 
Dextroposed aorta. 

Dextrocardia. 


B includes the following: 


Ls 


to 


3. 
Ai 
5. 


C includes the following: 


pus em 


Din + 


Defects in both septa. 

Interatrial defect combined with pat- 

ent ductus arteriosus. i 
Most cases of pulmonary stenosis. 

Aortic stenosis. 

Tricuspid stenosis. 


Some cases of pulmonary stenosis. 
Aortic atresia. 

Transposition of great trunks. 
Persistent truncus arteriosus. 
Anomalous chambers. * 
Mitral stenosis. 


N 
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ý Veterans Administration 
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N THIS paper, we wish to add one more 

to the slowly growing number of cases 
of leiomyosarcoma of the stomach which 
have been reported in the literature. The 
particular interest that attaches to our case 
is derived from the disproportionate size 
and number of metastases, especially the 
symptom-producing ones in the thorax, as 
compared to the small, "silent" gastric 


tumor, thus demonstrating clearly one of 


the diagnostic difficulties that characterize 
this type of growth. 

Chaffin? reviewed the subject of smooth 
muscle tumors of the stomach, collecting 
363 case reports from the literature, dating 
back to Morgagni’s case in 1762, and add- 
ing one of his own. Of these collected cases, 
23 per cent were malignant. Seventeen 
additional reports of gastric myomata have 
since been recorded; 8 of these cases, or 47 
per cent, were found to be malignant. The 
difference here may be attributed to better 
histological studies and earlier roentgen- 
ological diagnoses. Inasmuch as it is 
Ewing's? opinion that many gastric sar- 
comata are probably of myogenic origin, 
many more muscle tumors of the stomach 
might be added to the list. 

Obviously, leiomvosarcomata 


of the 


stomach are not among the most rare of 


clinical entities, yet remain sorely neglected 
all too frequently in weighing the possi- 
bilities during differential diagnosis of neo- 


plasms, not only of the stomach, but of 


almost any part of the body. This is indi- 
cated strikingly in consideration of our 
case, 2s in several of those in the literature 
to date. Further, there are some character- 
istics of gastric myomata which seem suf- 
ficiently peculiar to warrant emphasis, as 


will be noted in the course of this brief 
outline and case report. It is only bv re- 
peated clarification. of such features in 
successive case reports that satisfactory 
clinical criteria for the diagnosis of anv 
disease or disorder can be established. 
Thus, one of the outstanding occurrences 
noted in our type of case is the persistently 
"silent" gastric tumor, even in the presence 
of widespread and numerous metastases 
which are often the source of the patient’s 
presenting complaints. The primary growth 
may remain undiagnosed until postmortem 
examination unless attention is focussed on 
it by some such dramatic crises as hemor- 
rhage or perforation—and the latter is 
truly rare, only 4 having been reported. 
Symptoms apparen tly unrelated to the gas- 
tric lesion often occupy the spotlight fora 
long time. Two cases in point are, again, 
ours and Jordan’s.* Jordan's patient pre- 
sented only a severe secondary anemia for 
several years before hematemesis occurred 
suddenly and led to a roentgen diagnosis of 
multiple gastric tumors. Surgical explora- 
tion was resorted to, the diagnosis of benign 
leiomyomata was confined and a few of 
the tumors were excised. Four years later 
malignant changegwas found histologically, 
following repeated hemorrhage, and a total 
gastric resection was performed. » 
Ewing makes a point of the occurrence 
of severe hemorrhages from large myomata 
of the stomach, but it is the small tumors 
that are usuallv "silent" and result in puz- 
zlng cases. While gastric muscle tumors 
may grow to a size larger than that of any 
other type of stomach neoplasm, others 
may be so small as to show no more than a 
tiny crater at the site of ulceration, or per- 


* Published with the permission of the Medical Director of the Veterans Administration, who assumes no responsibility for the 


opinions expressed or the conclusions drawn by the authors. 
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haps a small filling defect in the gastric 
mucosa, on roentgen examination, and fre- 
quently with no interruption of peristalsis. 
This latter finding occurs sufficiently often 
to warrant mention among the roentgen 
characteristics of the gastric mvomata, 
either benign or malignant. At the opposite 
pole is the tvpe of case exemplified bv 
Baumgartner’s,! the specimen in which 
weighed 700 grams and measured 20 by 20 
by 12 centimeters. 

Further difficulty in diagnosis is encoun- 
tered in light of the tendency of anv 
myoma of the stomach to grow outward 
(exogastric) 'or inward (endogastric). The 
former type may not be diagnosed at all 
during life, unless it becomes large enough 
to be palpable or to cause a pressure defect 
on the outline of the barium-filled stomach, 
and is then explored surgically. The endo- 
gastric type may be sessile or pedunculated, 
and, if the latter, may be as movable as any 
polypoid tumor in a hollow viscus with the 
possibility always present of prolapse 
through, or obstruction of, the pylorus. 
Previous investigators have pointed out 
that ulceration, when it occurs, is located 
at the dome of endogastric myomata and 
at the point of attachment of exogastric 
ones—1.e., at a site farthest from the source 
of blood supply at the point of contiguity 
of mucosa and neoplasm. On the whole, the 
endogastric leiomvomata are prone to 
cause earfier symptoms and permit earlier 
diagnoses than the exogastric type. 

Undoubtedly, the 1 increasing number of 
cases of this ty pe di aghosed in the past 
fifteen vears ante-mortem must be ascribed 
largely to improved roentgenologic studies 
and technique, combined with an increasing 
awareness of the possibility of the existence 
of such tumors in obscure cases and better 
correlation of clinical and roentgen findings. 
The one outstanding improvement in 
roentgen study which should be singled out 
is the more effective use of the roentgeno- 
scopic observation of the stomach while it 
is palpated during ingestion of a radi- 
opaque medium, show not onlv gross 
defections but disturbances of the rugal 
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pattern also. Repeatedly, clues have been 
adduced from such findings as (1) barium 
retained within an ulcer crater which fn 
turn lies within a fairly well dema&ated 


P e / 5 ! 
filling defect, interpreted as tumor, and (*) 


the observation of a normal peristalsis and , 


mucosal pattern except in the imediate 
location of the neoplasm. 


CASE REPORT 


F. W. B., white male, aged forty-one, was 
admitted to the Edward Hines ]r. Hospital, 
July 2, 1940, complaining of cough, expectora- 
tion of grayish sputum, pain over the left hemi- 
thorax and loss of about 40 pounds in weight in 
the past three months. He dated the onset of his 
illness to December, 1939, when a mild cough 
developed with no other symptoms until 
March 28, 1940. At that time, his cough in- 
creased suddenly and was accompanied by 
sharp pain in the left chest, pleuritic in type, 
and by a fever. Despite bedrest, under medical 
supervision of his family physician. for two 
months, his symptoms became progressively 
worse and he began to raise a grayish sputum 
and to lose weight. He was hospitalized 
Receiving Hospital, Detroit, on May 25, 1940, 
where roentgen examination disclosed, in the 
left thorax, a mass, from which a punch biopsy 
was taken and a diagnosis of mesothelioma or 
mesothelial sarcoma of the pleura was made. 
The mass seen on the roentgenogram was in the 
left upper chest laterally, measured about 17 
by 6 cm., and showed evidence of erosion of the 
left third and fourth ribs laterally. Another 
rounded mass, approximately 8 cm. in diame- 
ter, was seen on the roentgenogram at the base 
of the left chest, posterior to the heart. The pa- 
tient was then transferred to this hospital. 

Past and Family History. Non- contributory. 

Physical Examination. Acutely ill white male, 
aged forty-one, lying in bed. Head, eyes, ears, 
nose and throat: essentially, no significant find- 
ings. Neck: no adenopathy or abnormal pisa? 
tions. Chest: respiratory lag on left stle. Marked 
tenderness from second to fifth ribs, left side, 
about 2 inches to left of sternum. Smalf'scar in 
fourth interspace, left axilla. Enlarged and 
tender left axillary nodes. Dullness to percus- 
sion in left chest, with diminished breath 
sounds, vocal sounds and tactile fremitus. Abdo- 
men: soft; no masses, tenderness or rigidity were 
found. The liver, spleen and kidney were not 


" 
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palpable. Extremities: entire left arm and fore- 
arm were tender and hyperesthetic. Genitalia, 
aus: normal. 

Labgratory Data. Urine: straw c lored, turbid; 
acjd; specific gravity 1.010; no albumin, sugar, 
cells or casts found. Wassermann and Kahn re- 


e actions: negative. Blood counts: July 3, 1940 


red blood cells white blood cells 
12,000, with 88 per cent polymorphonuclears, 
II per cent lymphocytes and 1 per cent mono- 
cytes. Hemoglobin 80 per cent. Blood count on 
July 10, 1940 
globin 85 per cent; white blood cells 7,300, with 
71 per cent polymorphonuclears, 27 per cent 
lymphocytes and 2 per cent eosinophiles. No 
‘nucleated red blood cells. No polychromato- 
philia or poikilocytosis. Sputum: no tubercle 
bacilli found on specimens taken on Julv 3 and 
5, 1940. 

Patient to submit to a 
analysis of the stomach contents. 

Course. On admission 
weight loss was obvious. Patient was dyspneic 
and had a productive cough, and pain in the 
left chest was severe. À biopsy taken July 18, 
1940, from the chest wall in the left axillary line, 
reported, “Undifferentiated malignant 
tumor, probably carcinoma.” 

Roentgenographic study of the chest showed 


4,120,000; 


red blood cells, 4,320,000; hemo- 


refused fractional 


here, evidence of 


Was 


Potter-Bucky roentgenogram of the chest, 
demonstrating the radiopaque masses in the left* 
thorax, at its upper lateral aspect, and at its base 
overlying the cardiac shadow. 


FIG. 1. 


Leiomyosarcoma of the Stomach 








PIG: 2: A Potter-Bucky roentgenogram of the left 
upper chest, to show the rib erosion described in 
the text. 


the masses similar to those described at Re- 
ceiving Hospital (Fig. 1) with erosion of the 
second, third and fourth ribs (Fig. 2). Because 
the patient experienced some abdominal dis- 
tress, vomiting and diarrhea during his third 
week of hospitalization, a gastrointestinal study 
was done, to seek a primary growth, on July 26 
and again on August 2. An ulcerated filling de- 
fect of the pars media near the lesser curvature 
was visualized (Fig. 3) anda roentgen diagnosis 
of new-growth of the stomach was made, al- 
though the filling defect was not seen during the 
roentgenoscopic efaminations. The thoracic 
masses were therefore interpreted as metasgases 
from a malignant lesion (probably carcinoma) 
of the stomach. 

However, the patient became progressively 
weaker; his abdomen became distended, and a 
hard irregular mass appeared in the right epi- 
gastrium and right hypochondrium, in addition 
to the mass bulging outward in the upper aspect 
of the left lateral chest wall, which was hard 
and tender. He died on September 20, 1940. 

Necropsy. The pertinent findings were in the 
thorax, abdomen and lumbar spine. Aight 
thorax showed only a few small tumor nodules 
in the right lower lobe, § to 7 mm. in diameter. 
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Pie: 3. Roentgenogram of the stomach with con- 
trast meal, displaying in distinct relief the ulcer 
crater and surrounding filling defect in the mucosal 
pattern of the upper portion of the pars media. 


Left thorax was occupied largely by a huge 
tumor mass extending through the pleura, in- 
volving the thoracic wall and eroding the second, 
third and fourth ribs laterally to form a firm 
mass in the left axilla. A similar mass was found 
at the base of the left hemithorax, infiltrating 
the diaphragm. The left pleura and the peri- 
cardium were exclusively ghickened by tumor 
tissue and there was a shaggy fibrinous peri- 
car@itis. The parenchyma of the left lung con- 
tained scattered tumor nodules. Abdomen: the 
gastric mucosa contained a raised tumor mass, 
€ cm. in diameter, on the posterior wall of the 
fundus, whitish-yellow in with firm 
raised margins and slight ulceration centrally. 
There were tumor masses also in the mesenteric 
glands and perirenal fat; the surfaces of the 
gallbladder and liver and the peritoneum were 
studded with nodules. Spine: a nodule, 6 mm. 
in diameter, was found in the body of the 
second lumbar vertebra. 

Histopathologically, the gastric tumor was 
found to infiltrate deeply and extensively; the 


color, 
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cells were oval or elongated, arranged in irregu- 
lar bands and sheets, and appeared similar to 
smooth muscle in the more differentiated per- 
tions of the neoplasm. The growth wg very 
cellular with such findings as intercellular 
bridging, mitoses and hyperchromatic nuclei 
being common (Fig. 4) 





Photomicrograph of section of the malignant 
lesion, showing irregular arrangement of the cells 
in muscle-like bundles and whorls, mitotic figures, 


PIG... 


intercellular bridging, atypism and hyperchro- 
matic nuclei, and demonstrating the sheet-like, 


massive growth of the neoplasm. 


sented a similar picture. Microscopically, there 

was malignant invasion of the myocardium 

also. 
The anatomical diagnoses, here, were: 

(1) Leiomyosarcoma, Grade 3, of the stomach, 
with metastases to the left diaphragm, 
pleura, lungs, pericardium, heart, mesen- 
teric glands, serosa of gallbladder, surface 
of the liver, peritoneum, left perirenal fat, 
ribs and second lumbar vertebra. 

(2) Pericarditis, serofibrinous, acute. 


SUMMARY 


A case of leiomyosarcoma of stomach, 
with large and extensive metastases, is 
presented here. It is an illustration of the 
difficulty in diagnosis of this type of gastric 
tumor, and of the oft-repeated masking of 
the primary growth by the symptom-pro- 
ducing metastases. Here, the thoracic 
metastases were huge and, from a roent- 
genologic standpoint alone, might con- 
ceivably have been ascribed to mesotheli- 
oma of pleura or cancer of the lung, so that 
the necessity of a search for a primary 


. All the metastases pre- * 
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tumor, as was done in this example, IS ern- The authors nidi indebted to Ralph Creer for 
phasized. In such an investigation, roent- photographing the illustrations accompanying this 
n 3 ud article. 

génologic studv is of primary importance. 
The Mentgen characteristics—a relatively REFERENCES 
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hint, clinically, of any intra-abdominal dis- mata of stomach. Surg. Clin. North America, 


order or new-growth. 1938, 78, 683-686. 
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MELORHEOSTOSIS 
REPORT OF A BILATERAL CASE ° 
By J. W. J. CARPENDER, M.D., D. R. BAKER, M.D., S. P. PERRY, M.D», 4 
and TOM OUTLAND, M.D.‘ E 


SAYRE, PENNSYLVANIA 


HIS unusual condition was first. de- 

scribed by Léri and Joanny in 1922 at 
which time they suggested the name of 
melorheostosis or flowing periostitis. Three 
years later a case listed as an unclassified 
osteosclerosis was published by Lewin and 
MacLeod. In 1932 Kraft reported a number 
of cases and reviewed all the other recorded 
cases, a total of 19 at that time. Widmann 
and Stecher, in 1935, reviewed the subject 
thoroughly and classified the condition into 
four groups: complete continuous flow, 
partial continuous flow, interrupted flow 
and circumscribed flow. Thev believed that 
the evidence supported the theory of Zim- 
mer, namely, that the condition was caused 
by embryonic metameric disturbance. 
They stated that the lesion involves the 
derivatives of the anlage of a single ex- 
tremity and that pathognomonically the 
remainder of the skeleton is unaffected. 
Franklin and Matheson in a recent paper 
list 38 cases reported since 1922 and present 
1 of their own. Of these cases, 19 occurred in 
males and 12 in females while sex was not 
mentioned in the remaining eleven. In Ig 
of the cases the lesions were in the lower 
limb and in 18 in the upper. Five cases 
departed from the characteristic monomelic 
involvement but none*showed bilateral 
invglvement as in the case here presented. 
In personal communications, we have 
heard of one case at Johns Hopkins Hospi- 
tal and another at Boston City Hospital 
which with our own case makes a total of 
42 cases known to date. 


PATHOLOGY 


Widmann and Stecher stated that of the 
cases reported biopsy had been obtained in 


9 
only 5 and so far no autopsies had been 
included. Cortical hyperostosis of dense 
sclerotic bone either endosteal, periosteal, 
or both, characterizes the benign progres- 
sive lesion which, roentgenologically, pro- 
duces the effect of dripping or flowing 
candle wax. There is atrophy in the length 


^ . . e. 
of the involved bones and no expansile en- 


largement has been noted. As was previ- 
ously stated, the lesions, as heretofore de- 
scribed, involve the derivatives of the an- 
lage of a single extremitv. The group classi- 
fication of the lesions is self explanatory. 
Microscopic examination of specimens ob- 
tained has shown marked densitv of the 
osseous lamellae with overcrowding and 
bizarre formations. In all but one case 
mentioned bv Léri there was a reduction in 
the number of osteoblasts. 


SYMPTOMATOLOGY 


The condition is probably not so rare as 
has been believed. The diagnosis is usuallv 
made bv the roentgenologist but careful 
review of a history which is principally con- 
cerned with vague, low grade pain, usuallv 
confined to one extremity should bring this 
condition to the mind of the clinician. 

The symptoms are sporadic and may 
disappear for months or years. Deviation 
of the involved digits with impairment of 
their articular motion is common, the for- 
mer early and the latter late. Shortening of 
the involved parts with soft tissue atrophy 
is almost constant. & o 

Laboratory studies have beer? found to 
be of no value in making a diagnosis except 
to rule out other conditions. No treatment 
has been of anv avail. The condition must 
be differentiated from syphilis, tubercu- 


! Formerly Fellow in Radiology, Robert Packer Hospital. Now Ifeut. MC-V(S) USNR 


* Fellow in Orthopaedic Surgery, Robert Packer Hospital. 
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losis, ossifving periostitis and calcinosis. 
The specific roentgenographic findings will 
generally suffice to do this, supplemented 
bv n&ative laboratory finding. 


CASE REPORT 


The patient, a white female, wes first exam- 
ined on March 25, 1931, at the age of ten years; 
she was referred to the clinic from the Penn- 
sylvania Crippled Children’s Clinic because of 
a peculiar gait which had been present for a 
period of months, according to the history ob- 
tained at that time. 

Examination revealed what appeared to be 
ean abduction contracture of the left hip. As a 





I. Cortical bone from the lateral surface 
of the ilium. 


Fic. 


result of this, the patient exhibited a marked 
apparent lengthening of the left lower ex- 
tremity, due to the downward tilt of the pelvis. 
There did not appear to be any particular weak- 
ne& in the adductors on the left side to account 
for the abduction contracture. A tentative 
diagnosis of mild residual poliomyelitis was 


* made. 


Operat@n was performed June 13, 1931, for 
correction of the fixed pelvis obliquitv. The 
operafion consisted of incision of the fascia lata 
and osteotomy of the greater trochanter to 
relieve the gluteus medius. 

Examination approximately six weeks later 
revealed complete correction of the pelvic ob-e 
liquity. The patient walked with practically a 
normal gait. It was noted, however, that she 
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Fic. 2. Cortical bone from the upper third of the 


anterior portion of the femur. 


had a moderate degree of genu valgum and 
marked pronation of the feet, bilaterally. 

The patient was again seen on June 29, 1939. 
At that time she complained of cramping and 
pain in the right hip and leg. She stated that 
this had been present for several vears and was 
increasing in severity. The pain was described 
as shooting in character, originated in the 
lumbosacral area but radiated down the leg in 
the sciatic distribution and also down the front 
of the right thigh. 

Examination showed a marked contracture 
of the right iliotibial band. Ober's and Ely’s 
signs were marked positively on the right. Sec- 
tion of the right iliotibial band was carried out 


on June 30, 1959. E 
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Three months following the Ober operation, 
the patient returned to the clinic. She had been 
entirely pain free since the operation but noted 
considerable restriction of motion in the right 
hip joint. 

Examination showed no flexion deformity 
when standing. Flexion, however, was limited 
to go degrees. Rotation was moderately re- 
stricted. Ober’s sign was negative. There was 
I ich bone shortening involving the right 
lower extremity, and the right thigh was grossly 
hypertrophied, measurement showing 2 inch 
hypertrophy at mid-thigh and 1 inch just above 
the right keee. 

Roentgenograms taken at this time led to the 
diagnosis of the pathologic entity. À review of 
these findings will follow later in the report, 
together with other laboratory data. 

A complete review of this patient's past 


history was undertaken to bring out any signifi- , 


cant points previously overlooked. Briefly, the 
patient was born at home, the sixth child and, 


according to the patient's belief, instruments 
were used. Walking was delayed well into the 
second year and the patient stated she dragged 
her left foot when walking. The family history 
was negative for any evidence of thi$ disease in 
the preceding two generations. The past history 
was non-contributory except for measles in 
childhood and infec#ious jaundice at the age of 
twelve years. Menstrual onset was at the age of 
thirteen years, very irregular, one or two 
month intervals, lasting eight days. Recently, 
her periods have become more regular, occur- 
ring at three or four week intervals, lasting 
seven or eight days. 

The patient stated that following the first 
operation until the age of fourteen years, she 
had no difficultv walking. The symptoms, 
starting at the age of fourteen, became progres- 
sively worse until the second operation, at 
which time pain was severe enough to interfere 
with sleep. At the second operation her general 
health was good; weight was 138 pounds. 
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FIG. 


This patient was seen again on January 15, 
1940, when she reported excellent general 
health, some lower lumbar pain at times, no 
pain in the hips, some cramps in both legs and 
no trouble with her feet since wearing corrective 


supports. There was no clinical evidence of 


changes. Hypertrophy of the right lower ex- 
tremity was still present. 

On September L7, 1940, the patient returned 
again complaining of “prominence of the right 
hip." Upon examination, flexion was Iimited to 
about JO degrees. It was bélieved, at that time, 
thag restriction of motion was due to excessive 
ostosis about the femoral head. Roentgeno- 
grams showed the extent of the melorheostosis 
relatively unchanged. 

The patient was admitted to the hospital on 
October 2, 1940, when significant changes were 
found. An operation was performed of which 
the transcript follows: “The usual approach to 
the right hip by the Smith-Petersen acetabulum 
incision was made. When the incision was ex- 
tended deeply it was found that there was a 
continuous sheet of adhesions of tough, thick- 
ened fascia surrounding the structures of the 
hip joint. This was dissected free. In places this 


Q 


fascia was 2 to 3 mm. thick and far more tough 
than the normal hip joint capsule. A sheet of it, 
approximately 4 inches long and 3 inches wide, 
was removed. The anterior third of the hip joint 
capsule was removed, which demonstrated free 
motion at the hip joint with no exostoses. With 
the wound open, passive motion of the hip was 
attempted in flexion and abduction. It was 
found that passive flexion could be easily 
secured and for about 30 degrees beyond right 
angles and abduction of about 40 degrees 
secured. There was therefore no indication for 
removal of bone for the purpose of increasing 
motion. The femoral head appeared tó* be 
covered by an abnormally large layer of carti- 
lage, the whole appearing like the femoral head 
of a child seven to nine years of age although 
adult in size. Bone biopsies were t@ken as fol- 
lows: (1) small wedge from the anterior portion 
of the acetabular lip; (2) cortical bone ffom the 
side of the ilium (Fig. 1); (3) cancellous bone 
from the side of the ilium; (4) cortical bone from 
the upper third of the anterior portion of the 
femur (Fig. 2). 

"The wound was then closed in lavers with 
reattachment of several 


rectus femoris by 
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mattress sutures of chromic catgut. The mus- 
cles originating from the iliac crest were re- 
attached to their origin. Deep fascia was not 
closed,and an additional layer of plain catgut 
wgs plaeed close to the superficial fascia. The 
skin was then closed with a running stitch of 
black silk." 

After à moderately stormy postoperative 
course the patient was discharged on November 
23, 1940. When seen on January 7, 1941, she 
stated that she was pleased with the results of 
the operation. She was walking well at that 
time. 

Roentgen and Laboratory Studies. During the 
course of a clinic visit on September 8, 1939, 
‘a roentgenogram of the pelvis disclosed the 
involvement of the area and, as a consequence, 
the entire skeleton was examined. The roentgen 
report follows: “There are multiple lesions in 
the skeleton, all having similar characteristics. 
The lesions are long striations which, according 
to textbook descriptions, resemble the dripping 
tallow from a candle. It was difficult to be ab- 
solutely certain but the lesions are definitely 
cortical and are probably subperiosteal in na- 
ture and probably represent the disease entity 
known as melorheostosis or flowing periostitis. 
These lesions involve both ilia, right femur, 
right tibia and, to a lesser extent, the lateral 
condyle of the left femur, the left fourth and 
fifth metatarsals, the left cuboid and left cal- 
caneus; in the right foot, the fourth and fifth 
metatarsals and lateral half of the cuboid. In 
the right foot all of the phalanges of the fifth 
toe are similarly involved whereas in the left 
foot all the phalanges of the fourth toe are 
involved. Roentgenograms of the skull fail to 
demonstrate any evidence of this disease. 
Roentgenograms of the thoracic and lumbar 
spine demonstrate a mild degree of scoliosis to 
the left with the point of maximum convexity 
at Phe level of the eleventh thoracic. There are 
some striations in the vertebral bodies, extend- 
ing from the level of the seventh thoracic down 
end including the first lumbar. There is a 
moderate elegree also of lordosis in the upper 
lumbar spine. Roentgenograms of the upper 
extrentity include both humeri, both forearms 
and both hands and fail to demonstrate any 
evidence of this disease in the upper extremity. 
Impression: (1) melorheostosis (Howing peri- 


ostitis) involving the pelvis, both lower ex-e 


tremities (more extensive on the right than on 
the left) and the thoracolumbar spine; (2) 
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scoliosis to the left in the lower thoracic region 
and a moderate degree of lumbar lordosis." 
Figures 3 to 8 demonstrate the involved 
areas with the exception of the lumbar spine 
which was not deemed suitable for reproduction 
as an illustration. Figure 9 is a schematic draw- 





9 
Fic. 9. Schematic drawing showing areas involved. 


ing of the areas involved. Later roentgen exam- 
inations, most recefitly on September 17, 1940, 
showed no demonstrable progression of, the 
disease. 

At the same time, detailed laboratory studies 
were done. The blood count showed red blood 
cells 3,960,000; 77 per cent(12 gm.) hemoglobin; 
white blood cells 6,000; with a differential of 
82 per cent polymorphonuclears and 18 per 
cent lymphocytes. The Kahn reaction was 
negative and the blood sugar was 105 mg. per 
too cc. A sample of blood was sent to Dr. A. B. 
Gutman of Presbyterian Hospital in New York 
City, who had kindly consented to do detailed 
blood chemistry for us. His report was as fol- 
lows: Serum inorganic phosphorus 3.2 mg. per 
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100 cc.; serum phosphatase 3.5 Bodansky units 
per 100 cc.; serum calcium 10.3 mg. per 100 cc.; 
non-protein nitrogen 30 mg. per 100 cc.; bili- 
rubin no color; serum protein 8.3 per cent; 
serum albumin 5.1 per cent; serum globulin 312 
per cent; serum euglobulin 0.4 per cent. 

The pathological specimens obtained at 
operation on October 3, 1940, were sent to Dr. 
C. Howard Hatcher of Chicago, Illinois, who 
reported that with the exception of the can- 
cellous bone from the ilium all the specimens 
showed considerable sclerosis of cortical bone 
with some increase in the osteoid tissue along 
the trabeculae. No unusual pathologic change 
was seen to distinguish this from any other 
bizarre scleros{s of bone. 


SUMMARY 


The literature on thirty-nine reported 
cases of melorheostosis is briefly reviewed 
and two hitherto unreported cases are listed. 
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A report of the only known case of melo- 
rheostosis with bilateral involvement is 
given. Aside from the fact that this cae 
shows bilateral involvement it does not 
differ from others reported previously. 
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HEMOPHILIC ARTHRITIS 


e ROENTGENOGRAPHIC STUDIES IN FIFTEEN ADULT PATIENTS 
WITH HEMOPHILIA* 


i By EUGENE J. McDONALD, M.D., and EUGENE L. LOZNER, M.D. 
BOSTON, MASSACHUSETTS 
° 
EMOPHILIA may seem of only slight joints, roentgenograms were also taken of 
importance to the roentgenologist be- these. Most of the patients were ambula- 
cause of the infrequency of this disorder. It tory, and no particular effort was made to 
is, however, of considerable significance secure roentgenograms of acute hemar- 
because of the occurrence of joint involve-  throses except as they happened to occur 
ment which may simulate other conditions during the period of study. 
for which operative intervention may be The degrees of roentgenographic joint 
indicated. That this intervention must be changes observed are presented in Table 1. 
prevented by means of a correct differen- For purposes of classification, four degrees 
tial diagnosis is obvious from the definition of pathologic involvement were defined as 
of hemophilia, namely, a disorder char- follows: 
acterized by prolonged and immoderate o =no demonstrable roentgenographic 
hemorrhage dependent upon delayed change. 
coagulation of the blood, seen only in the 1+ 2 mild involvement shown by spurring at 
male but transmitted through the female.’ margins of joint with slightly increased 
The clinical aspects of hemophilic ar- periarticular density. 
thritis have been reviewed by Kev, Keefer 2+ — moderate involvement shown by early 
and Myers,® and Freund.! Two stages are Mp AC. -— irregularity of Jot 
l ; len | ER space with evidence of early subchon- 
generallv recognized : (1) that of the acute dral cysts and capsular fibrosis. 
hemarthrosis, either spontaneous or trau- 1+ = severe involvement shown by marked 
matic in origin, in which the joint 1s acutely i narrowing and irregularity of joint 
distended with blood, and (2) that of the space with marked suichondisal cystic 
chronic degenerative arthritis which may changes. 
involve the joint following one or more In all 15 cases roentgenographic changes 
hemarthroses. were demonstrable in the knee on one or 
It is the purpose of this communication both sides. Similarly, the elbow was af- 
to report roentgenographic studies on 15. fected in all but one patient. In feneral, it 
adult patients with hemophilia, ranging in would appear that the degree of involve- 
age from thirteen to fifty-two years. The ment increased proportionally with the age 
venous blood coagulation time was con- of the patients. The 2 youngest patients 
siderably elevated in every patient, and the observed, thirteen and eighteen years eld, 
diagnosis of hemophilia unmistakably had the least involvement. There were 16 
proved. joints roentgenographed of these two boys 
In all 15 cases, anteroposterior and and only 3 presented demonstrable patho- 
ateral rogntgenograms of both knees and logic changes. On the other hand, the 3 
both elbows were taken. In most of the oldest patients, thirty-four, thirty-six, and 
cases, roentgenograms were taken of both fifty-two years old, presented the greatest 
ankles. In patients who presented clinical involvement; in these men, of 22 joints 
evidence of other joint involvement or a roentgenographed 20 showed pathologic 
history of hemarthroses involving other changes. 

* From the Department of Roentgenology, Boston City Hospital and from the Thorndike Memorial Laboratory, Second and Fourth 
Medical Services (Harvard), Boston City Hospital, and the Department of Medicine, Harvard Medical School. Presented in part at 
the meeting of the New England Roentgen Ray Society, February, 1941, Boston, Mass. 
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Fic. 1. 
no joint or bone involvement but presents marked 


Case 1. Age thirteen years. Left knee shows 


periarticular density which corresponds approxi- 

mately with synovial capsule. The density appears 

fibrous in character. 

The actual roentgenographic appear- 
ances of typical joints are illustrated in 
Figures 1 to 5. 

DISCUSSION 

An 


blood 


experimental study of the action of 
on the synovial membrane and a 
study of the anatomical changes in hemo- 
philic joints have been reported on by 
Key.*> He observed that two factors were 
concerned in the reaction of the membrane: 
one, mechanical and the other chemical. 
Following the instillation of blood into a 





Fic. 2. Case xu. Age twenty-seven years. Both knees 
present moderate involvement with narrowing and 


. . ML. . ` . . * 
irregularity of Joint space. Spurring is seen at pe- 


riphery of the articular surfaces. Subchondral cysts 
are present. Capsular changes are not remarkable. 
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joint cavity, marked cellular reaction takes 


place in the synovial membrane. The 
macrophages phagocytose the red cells afid 
settle in the subsynovial tissues beneath 
the capsule. Eventually there is a tendenty 
to fibrous ankylosis due to thickening and 
shortening of the joint capsule. The broken 
down iron pigment deposits may cast a 
dense roentgen shadow and may even be 
mistaken for calcification. The cartilage in 
most instances of chronic hemophilic. ar- 





Case vi. Age twenty-three years. The left el- 


I3. 3. 


bow presents clouding in the antecubital fossa of 


fibrous tissue density. There are cystic changes in 
the capitulum of the humerus and the head of the 
radius. 
thritis appears irregularly serrated due to 
spotty absorption and adjacent prolifera- 
tion. There is narrowing of the interarticu- 
lar surfaces but not necessarily at the point 
of maximum weight bearing. The periphery 
of the articular cartilage, even in early 
cases, frequently shows spurring due to 
proliferating osteophytes. 
Characteristically, the changes in the 
bone tissue are those of subarticular cystic 
absorption. Diffuse decalcification of *the 
bone from disuse may accentuate these 
cystic areas. The diameter of the cysts 
varies from less than a millimeter to more 
than a centimeter, and the cysts may be 
round or irregular and single or loculated. 
The mechanism of origin of these cysts 1s 
controversial. Freund! believes that it is 
necessary, in part, to assume that hemo- 
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ulic blood exerts some as yet unkown 


"æ chemical effect on bone tissue. Key,? on the 


other hand, inclines to the opinion ‘that an 

intraosseous hemorrhage occurs in bone 
8€ . . 

already decalcified from limited use and 


ethat the hemorrhage being of hemophilic 


origin progresses to cause an area of aseptic 
pressure necrosis in the bone. 

It is of interest to note here that not 
all hemarthroses are followed by these 
changes. Many of our patients gave a his- 
tory of occasional hemarthroses in joints 
which are now roentgenographically nega- 
tive. Gocht? has reported a patient with 45 
hemarthroses into a single joint without 
permanent cartilaginous or bony changes. 

The joint conditions which must be 
differentiated from hemophilic arthritis 
may be divided into two groups according 
to which stage of the hemophilic condition 


they resemble, namely (1) acute hemar- 
throsis and (2) chronic degenerative 


arthritis. 

Acute hemophilic hemarthrosis simulates 
roentgenographically any traumatic, serous 
or purulent synovitis in which the joint 
space is distended with fluid. The joint by 
preference is held in partial flexion, for it 
is in this position that the capsule has its 
greatest capacity, producing therefore the 
least tension. There is generalized periar- 
ticular clouding of soft tissue appearance, 





Fıc. 4. Case xu. Age thirty-four years. Right elbow 


presents deformity due to repeated hemarthroses , 


before epiphyseal fusion. There is flaring at both 
articular surfaces, general periarticular density, 
and marked cystic decalcification. 
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FIG. 


5. Case 1x. Age twenty-five years. Left shoulder 
presents a single sharply defined area of articular 
necrosis on the outer superior surface of the hu- 
meral head just within the capsular attachment. 
The picture resembles tuberculous caries sicca but 
in the latter condition the articular surface is usu- 
ally shaggy and scalloped. 


most marked along the lines of the dis- 
tended capsule. Roentgenological differen- 
tial diagnosis is almost impossible at this 
stage nor is one usually able to differentiate 
the hemophilic hemarthrosis from the 
hemarthroses which may occur traumati- 
cally in the normal individual or spontane- 
ously in certain other hemorrhagic dia- 
theses. 

In the chronic stage, roentgenographic 
differential diagnosis is more frequently 
possible. Differentiation must be made first 
from osteoarthritis which usually occurs 
after forty-five years of age. In hemophilia, 
roentgenographic ghanges about a joint are 
very apt to be seen before the age of 
twenty-one. Cystic changes in the bones 
may be seen in both conditions. They are 
the rule in hemophilia and much less com- 
mon in osteoarthritis. Generalized decalci- 
fication 1s more often seen and usually more 
severe in hemophilic than in osteoarthritis. 

Differentiation from rheumatoid arthri- 
tis Is suggested first of all bv the location, 
since in the rheumatoid condition wrists 
and phalanges are far more frequently 1n- 
volved than in the hemophilic. In rheuma- 
toid arthritis bony ankylosis of the joint 
is not uncommon but this is a distinct 


408 Eugene J. McDonald and Eugene L. Lozner Maras, 1943 


TABLE | "A 


SUMMARY OF THE DEGREES* OF PATHOLOGIC INVOLVEMENT OBSERVED ROENTGENO- 




































































GRAPHICALLY IN THE JOINTS OF FIFTEEN PATIENTS WITH HEMOPHILIA i 
l | we aa der Doe : "ar * -— 
| |. Hip knee Ankle Shoulder Elbow | Wrist Hand 
ee, S Age J a . . , 
Case No. Y | | | 
es ce 2 ae eee ee ee oe eee 
ee c —— ee —- 
I i3 O 2+ | © O O | O O O 
| | 
II 18 O 2 O 2+ © O a}; 6 
Ill 22 1+ + I+ 1+ 1+ I + | | 
IV 22 2+ | 3+ O O 2+ lo o |I1+- | oOo} 1+ 
V 23 2+ 2+/0 O 2+ |o | 
VI 23 2+ I+ | Oo O 3+ 
VII 23 2+ | 2 O I 
VIII 23 O j 24>") 34] P4] $4 ipit | 0 I + i 
IX 25 2+ |2 o | 3+ |]3+]3+ | 
X 25 I+ | 3+/1+/ 2 O O ive | o> | n 
XI 25 | 2-1 ST |D O fit ]2t|o |24) 
XII 27 | 2+ 2+ |o 34 | | 
XIII 34 34 edd] iT 3T | oO Ir ar 
XIV 36 | ATIGJTIST LE] a> 124] 24 | 2+ 
XV 52 | + 1+ I + 2+ 2+ 2+ 
*o = Negative. 1+ 2 Mild involvement. 2 + =Moderate involvement. 3 + =Severe involvement. 
rarity in hemophilia. Subchondral cystic on the joints of 15 adults with hemophilia. 
changes are much more frequently seen in 2. In every patient, pathological changes 
. . . * * . LI . e 
hemophilic than in rheumatoid arthritis. were observed roentgenographically in one 
Tuberculous arthritis offers a serious or both knees; and in all but one patient, n 
challenge in differential diagnosis. It pre- in one or both elbows. 
sents, however, an articular surface in 3. In general, the degree of change 1n- 
which fine etching is absent and ragged and creased proportionally with the age of the p 
irregular scalloping is conspicuous. patient. 
When the roentgenographi : - j | l : 
| ia ji we i graphic changes of The authors appreciate the advice of Dr. P. F. 
1emopnhilic arthritis are observed, the pos- Butler, Director of the Department of Roentgenol- 
sibility of hemophilia should be suggested ogy, Boston City Hospital. 
to the clihician in order that this diagnosis . ‘ 
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be eliminated before surgery is undertaken. Ino 
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voung male with past and family history arthritis. New England T. Med., 1933, 208, * 
. D à T" » 
of hemorrhagic tendency and who shows Los uoi NR - l 
yos ! . 4. Key, J. A. Experimental arthritis; reactions of 
joint involvement, a highly presumptive te. "NE eRe 
; ae : joints to mild irritants. 7. Bone £9 Joint Surg., 
diagnosis can frequently be made.’ The 1929, 11, 705-73 / 
ý L4 " 4 d d à : , . . ^ 
occurrence of the roentgenographic changes — ;. Key, J. A. Hemophilic arthritis (bleeder’s joints). 
described here should contribute to that Ann. Surg., 1932, 95, 198-225. re 
presumptive diagnosis. 6. Rypins, E. L. The roentgen ray as an aid in the 
diagnosis of hemophilia. Am. J. ROENTGENOL. & 
SUMMARY AND CONCLUSIONS : , BAD, EHERAPI, 1934,37, 197-000. `. 
, , 7. Stetson, R. P., and Lozner, E. L. Hemophilia. ] 
1. Roentgenographic studies were made Oxford Medicine, 1941, Chap. xx, 799-818. 
e e 
e 
4 
4 e 


VoL. 49, No. 3 


CANI AMERICAN JOURNAL OF ROENTGENOLOGY 


— 


AND RADIUM THERAPY 


Editor: LAWRENCE REYNOLDs, M.D. Assistant Editor: Ruru BIGELOW, B.S. 


Fglitoria Board: A. C. CurIsTIE, M.D. E. H. SKINNER, M.p. Lauriston S. TAYLOR 

Advisory Board for Pathology: James Ewi1nG, m.b. | EvcENE L. Opie, M.D. 
Collaborating Editors: The Officers and Committee Members of the Societies of which this JourNAL is the 
official orgar, whose names appear on this page, are considered collaborating editors of this JourNaL. Foreign 
Collaborators: GOÓsrA FORSSELL, M.D., STOCKHOLM, G. F. Haeniscu, M.D., HAMBURG, R. LEDOUX-LEBARD, 


M.D., PARIS. 








Publisher: CHARLES C Tuomas, 220 East Monroe St., Springfield, Illinois. 





Issued Monthly. Subscription $10.00 per year, $11.00 in Canada and $12.00 in foreign countries. Advertising 
rales submitted on application: Editorial office, 110 Professional Building, Detroit, Mich., Office of publication, 


220 E. Monroe St., Springfield, Ill. Information of interest to cll readers will be found on page iv. 








AMERICAN ROENTGEN RAY SOCIETY 

President: Ralph S. Bromer, Bryn Mawr, Pa.; 
President-Elect, Sherwood Moore, St. Louis, Mo.; 
Ist Vice-President: C. G. Dyke, New York, N. Y.: 
2nd Vice-President: K. D. A. Allen, Denver, Colo.; 
Secretary: H. Dabney Kerr, University Hospital, 
Iowa City, lowa; Treasurer: J. B. Edwards, 144 
Woodridge Place, Leonia, N. J. Historian: Ramsay 
Spillman, New York, N. Y. 

Executive Council: Ralph S. Bromer, Sherwood 
Moore, C. G. Dyke, K. D. A. Allen, H. Dabney 
Kerr, J. B. Edwards, Lawrence Reynolds, C. M. 
Richards, S. W. Donaldson, U. V. Portmann, M. C. 
Sosman, W. M. Doughty, J. C. Dickinson, C. H. 
Heacock, Bernard P. Widmann, Chairman, 250 
South 18th St., Philadelphia, Pa. 

Program Committee: B. P. Widmann, Philadelphia, 
Pa., S. W. Donaldson, Ann Arbor, Mich., H. D. 
Kerr, Iowa City, Iowa, U. V. Portmann, Cleveland, 
Ohio, Lawrence Reynolds, Detroit, Mich., Sherwood 
Moore, Chairman, £10 S. Kingshighway, St. Louis, 
Mo. 

Publication Committee: F. P. Pendergrass, Phila- 
delphia, Pa., J. T. Case, Chicago, Ill., U. V. Port- 
mann, Chairman, Cleveland, Ohio. 

Finance Committee: J. C. Peden, St. Louis, Mo., 
F. B.*Bogart, Chattanooga, Tenn., C. M. Richards, 
Chairman, San Jose, Cahf. 

Committee on Scientific Exhibits: P. A. Bishop, 
Philadelphia, Pa., V. W. Archer, University, Va., 
S. W. Donaldson, Chairman, Ann Arbor, Mich. 

Representative on National Research Council: Karl 
Kornblum, Philadelphia, Pa. 

Editor:? Lawrence Reynolds, 
Building, Detroit, Mich. 

Assistant Editor: Ruth Bigelow, 110 Professional 
Building, Detroit, Mich. 

Editorial Board: A. C. Christie, E. H. Skinner, 
Lauriston S. Taylor. 

Advisory Board for Pathology: James Ewing, Eu- 
gene L. Opie. 

a 


110 Professional 


Officers and Stand ing Committees 








Forty-fourth Annual Meeting: 1943, cancelled. 


AMERICAN RADIUM SOCIETY 


President: William E. Costolow, Los Angeles, 
Calif.; President-Elect: Charles L. Martin, Dallas, 
Texas; zst Vice-President: Frank E. Adair, New 
York, N. Y.; 2nd Vice-President: Eugene P. Pender- 
grass, Philadelphia, Pa.; Secretary: A. N. Arneson, 
4952 Maryland Ave., St. Louis, Mo. (Acting Secre- 
tary, E. H. Skinner, 1532 Professional Bldg., Kansas 
City, Mo.); Treasurer: Leland R. Cowan, 606 Medi- 
cal Arts Bldg., Salt Lake City, Utah. 

Executive Committee: Lawrence A. Pomeroy, 
Chairman, Cleveland, Ohio, Frederick W. O'Brien, 
Boston, Mass., Hayes E. Martin, New York, N. Y. 

Program Committee: Charles L. Martin, Chairman, 
Dallas, Texas, William S. MacComb, New York, 
N. Y., Eugene T. Leddy, Rochester, Minn., Her- 
bert E. Schmitz, Chicago, Ill., John S. Bouslog, 
Denver, Colo. 

Publication Committee: E. H. Skinner, Ghairman, 
Kansas City, Mo., Zoe A. Johnston, Pittsburgh, Pa., 
Wilbur Bailey, Los Angeles, Calif. 

Research and Standardization Committee: Edith H. 
Quimby, Chairman, Nef York, N. Y., J. ks; Weath- 
erwax, Philadelphia, Pa., W. S. MacComb, New 
York, N: X. 

Education and Publicity Committee: Ernst À. 
Pohle, Chairman, Madison, Wis., William H. Sar- 
gent, Oakland, Calif., Robert B. Taft, Charleston, 
D G 

Faneway Lecture Committee: Douglas Quick, Chair- 
man, New York, N. Y., E. H. Skinner, Kansas City, 
Mo., G. Failla, New York, N. Y., L. A. Pomeroy, 
Cleveland, Ohio, F. W. O'Brien, Boston, Mass., 
H. E. Martin, New York, N. Y. 

Representatives on American Board of Radiology: 
Douglas Quick, New York, N. Y., B. P. Widmann, 
Philadelphia, Pa., F. W. O'Brien, Boston, Mass. 

Twenty-eighth Annual Meeting: 1943, can- 
celled. 


409 





MARGH, 1943 




















ROENTGENOGRAPHY AS A DIAGNOSTIC AID IN 
PULMONARY FAT EMBOLISM 


HE occurrence of fat embolism 1s com- 

mon, and much more common than has 
been suspected according to reports which 
have appeared in the literature. Whitaker' 
writes that fat embolism is a definite, well 
established disease entity which is neither 
new nor infrequent. While this statement 
may be true, too often the diagnosis is 
made at the autopsy table, death having 
occurred without a true recognition of the 
causative factor until autopsy reveals the 
presence of multiple fat emboli throughout 
the lung fields and other portions of the 
body. 

In many cases the emboli may not be 
severe enough to produce death or even 
clinical symptoms, but that they do occur 
with frequency is often overlooked or neg- 
lected as an explanation for some of the un- 
toward symptoms which the patient mani- 
fests following fracture. With regard to the 
origin of the fat, speculation has arisen as 
to whether the injured bone is the sole 
source oé the fat or whether there is some 
additional alteration in the normal lipoid 
content of the blood, since it has been 
claimed that there is n& enough fat in any 
long bone of the body to cause death even 
if all of it should enter the circulation. How- 
ever, it is generally believed that the chief 
source of the fat is the injured bone and 
that a small amount may reach the circula- 
tion by way of the lymphatics. The fat 
passes to the right side of the heart and 
from there enters the pulmonary circula- 
tion where it becomes lodged in the finer 
arterioles and capillaries. If the amount of 


fat is too great, it may act much the same, 


! Whitaker, J. C. Traumatic fat embolism. rch. Surg., 1939, 
39, 182-189. 


as an air embolus on the heart and cause 
death before it reaches the lung. 

The pathologic process which produces 
the clinical picture of fat embolism is 
brought about by the collection and lodg- 
ment of transient emboli in the capillaries, 
the symptoms produced being dependent 
on the number, the location and the dura- 
tion of the emboli. The smaller arterioles 
being obstructed by the fat globule become 
surrounded bv extravasated blood, bringing 
about a focal anemia, edema or necrosis. 

Whitaker points out that while fat glob- 
ules reach practically all parts of the bodv, 
symptoms are usuallv referable to the lungs 
and the brain. As a consequence there are 
two clinical types of fat embolism, namely, 
the pulmonary and the cerebral, depending 
on the preponderance of one group of symp- 
toms over the other. 

The symptoms of traumatic fat embolism 
may develop within a few hours or days. 
With the occurrence of the pulmonary type 
of embolism, respiratory and cardiac em- 
barrassment are presenting symptoms, 
there being dvspnea, cough, cvanosis, rest- 
lessness and a feeling of constriction in the 
chest, and air hunger may develop. The 
pulse is usually rapid and may be irregular 
and the sputum becomes frothy and may 
be blood streaked. Ráles are heard scattered 
over the pulmonary fields as the resudt of 
mild or severe pulmonary edema. There 
may be some dilatation of the right side of 
the heart and the blood pressure may be 
low. 

In the typical cases of pulmonary fat 
embolism there should and may be no dif- 
ficulty in diagnosis but in the less severe 
cases the actual condition may go unrecog- 
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ized. Therefore, every patient presenting 
Mest symptoms following an accident 
should be carefully studied in the light of 
the possibility of fat emboli having oc- 
ctrred.* 

Up to the time of the report of Scott, 
Kemp and Robb-Smith,? the value of roent- 
genology in the diagnosis of pulmonary fat 
emboli was not emphasized or an insuffi- 
cient number of cases had been examined 
roentgenographically to give data upon 
which a differential diagnosis might be 
made. There observers have pointed out 
that the quality of the roentgenograms 
“taken by the portable roentgen unit are not 
adequate for roentgen diagnostic aid in the 
less severe cases of pulmonary fat emboli. 
The roentgenographic findings are prac- 
tically always tvpical of acute pulmonary 
edema and it has been emphasized that 
good roentgenograms are essential at the 
earliest possible moment and that the finest 
film detail should be obtained in order to 
make a diagnosis in the cases where there is 
minimal involvement of the lungs by fat 
emboli. With proper roentgenographic tech- 
nique it may be possible to form a clinical 
conception of the degree of fat embolism 
not severe enough to produce acute pul- 
monary edema. 

Scott, Kemp and Robb-Smith, from a 
study of one of their cases, came to the con- 
clusion that considerable quantities of fat 
may be held up in the lungs, sufficient to 
cause definite functional impairment with- 
out causing roentgenographic changes. It is 
suggested that this lack of roentgen demon- 
stration of changes might be due to an 
improper technique, particularly since so 
many of these patients are quite ill and can- 
not be moved, thus making it necessary 
that the gxamination be made with the 
portable bedside unit. However, with the 
capacity of the portable bedside units in 
vogue today it should be possible with 
proper care to demonstrate even minimal 
changes which occur particularly in the 


? Scott, J. Ca Kemp, F.H., 
monary fat-embolism; clinical 
Lancet, 1942, 7, 228—230. 


and Robb-Smith, A. H. T. Pul- 


and radiological observations. 
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bases of the lungs where the fat emboli 
usuallv lodge. 

Jirka and Scuderi,’ in an effort to deter- 
mine the possibility of making a diagnosis 
of pulmonary fat embolism by roentgenog- 
raphy, experimentally investigated the 
matter by examining the chests of dogs 
after oil had been injected into the blood 
stream. From their experimental work thev 
concluded that roentgenograms should be 
of definite diagnostic aid in patients suffering 
from clinical fat embolism. However, some 
criticism has been made of their experi- 
ments by Scott, Kemp and Robb-Smith, 
because of faulty technique in the position- 
ing of the animals at the time of exposure, 
and so forth. 

Scott, Kemp and Robb-Smith had access 
to the records of experiments on adult cats 
and rabbits which Barclay, Franklin and 
Prichard conducted at the Nuffield Insti- 
tute. By cineroentgenographic studies of 
the heart and lungs Barclay and his co- 
workers followed the course of globules of 
iodized oil in the pulmonary circulation and 
from a study of those films it was evident 
that the oil collects in the most dependent 
parts of the lung, and that considerable 
quantities may accumulate before there 
is any diminution in pulmonary trans- 
lucency. However, it was judged that in 
these experiments the opaque oils did not 
induce fat embolism comparable to that 
which may be observed in fracttire cases. 
Moreover, the iodized oil tended to be held 
up in the larger branches of the pulmonary 
artery, whereas the fat globules derived 
from tissue trauma are much smaller «nd 
pass into the arterioles and capillaries. 
These experiments seemed to confirm the 
impression that considerable quantities of 
fat must be present before there are any 
appreciable roentgenographic changes, and 
this tends to confirm the clinical impres- 
sion. 

That roentgenography of the chest may 
be of some aid in the diagnosis of pul- 


3 Jirka, F. J., and Scuderi, C. S. Fat embolism; experimental 
studv on the value of roentgenograms of the chest in diagnosis. 


Arch. Surg., 1936, 33, 708-713. 


412 


monary fat embolism is no longer a ques- 
tion. The assistance which it may give is 
dependent upon several things. For exam- 
ple, the clinician must recognize the pos- 
sibility of fat emboli and the roentgeno- 
gram must be of sufficient quality to show 
the patchy mottlings and the early signs 
of acute pulmonary edema. 


Editorials 


Perhaps if careful roentgenographic stud 
les were made on a sufficient numbe 
cases of pulmonary fat embolism, mote 
satisfactory roentgen criteria might be es- 
tablished. The problem of the dentonstra- 
tion of pulmonary fat embolism offers a 
fertile source for experimental roentgen in- 
vestigation. 
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: HARRY MYRREL STEWART 
1876-1942 


° 
R. HARRY MYRREL STEWART, 
a member of the American Roentgen 
Ray Society since 1917, died of a heart at- 
tack at his home in Johnston, Pennsylvania, 
on August 28, 1942, after an illness of three 


weeks. He was chief of radiologv in the 
Memorial, Mercy and Lee Hospitals. 

Dr. Stewart was born August 5, 1876, in 
Frankstown, Pennsylvania. After attending 
the Millersville, Pennsylvania, Normal 
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School, and Valparaiso University, he 
entered Jefferson Medical College, graduat- 
ing in 1905. After practicing in Altoona and 
in Ehrenfeld, he decided to specialize in 
radiology and located in Johnstown. In 
1914 he married Miss Edna Bauers, who 
survives him, together with a daughter, 
Louise, who was her father’s technician. 
He leaves also three sisters and a brother. 
In the first World War, Dr. Stewart 
served as a Captain in the Medical Corps of 
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the Army. He was active in the Bennsy 
vania State Medical Society and wa&noresi- 
dent of the Cambria County Medcal 


Society in 1920. In 1918 he was president e 
of the Pennsvlvania Radiological Societ. 
He was a diplomate of the American, 
Board of Radiology, a member of the 
Radiological Society of North America, and 
a fellow of the American College of Phvsi- 
clans. 
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JOHN WATSON CATHCART 
1877-1942 


9 0 

DR: JOHN WATSON CATHCART of 
EL Paso, Texas, died September 13, 

1942, of aplastic anemia. 

Dr. Cathcart was born November 28, 
1877, in Cerro Gordo County, lowa, the son 
of William and Annie Cathcart. He at- 
tended the Mason City high school. He 
served in the Spanish-American War, after 


415 
9 
| & 
which he attended Northwestern Uni- 


versity Medical School, graduating in 1903. 
He married Miss Ethel Hicks 1n 1901, in 
Mason City. He served an internship in the 
Hotel Dieu in El Paso, and spent all of his 
professional life in that city. 

Dr. Cathcart was a past president of the 
E] Paso County Medical Society. He was a 
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member of the American Roentgen Ray 
Society and of the American Radium 
Society, a fellow of the American College 
of Radiology, a member of the Texas 
Radiological Society, and of the Radio- 
logical Society of North America, of which 
he was a counsellor. He is survived by Mrs. 
Cathcart and by their daughter, Mrs. John 
F. Melby of Washington, D. C.; also a 
brother, David W. Cathcart, of La Mesa, 
California. 

As early as 1903 Dr. Cathcart worked 
with the static machine, and incurred 
pathological changes on his hands, though 
thev were not extensive. During the last 
few vears of his life he handled practically 
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no radium and did no roentgqnoscopy e, 
Tests showed that the therapy p fon oe 
was adequate. Dr. C. H. Mason, his pa\ther 

since 1920, states that Dr. Cathcart Nad ome 
been in poor health for a long fime ånd 

being unable to take any exercise or spend 

much time outdoors, seemed to have a 
lowered resistance. The first warning of his 

fatal anemia was in December, 1941, follow- 

ing a severe epistaxis. From the last of 
January till his death, a period of some 

eight months, he had twenty-one trans- 
fusions. His death is mourned bv a host of 
friends, patients, and colleagues. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


[tems for this section solicited promptly after the events to which they refer. 











MEETINGS 
UNITED STATES OF AMERICA 


AMERICAN ROENTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
lowa City, Iowa. Annual Meeting: 1943, cancelled. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, £40 N. Michigan Ave., 
Ill. Annual meeting: 1943, to be announced. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: 1943, cancelled. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Wiese coca SOCIETY OF NORTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: 1943, to be announced. 

RADIOLOGICAL SEcTION, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. J.D. Coate, 434 Thirtieth St., Oakland, Calif. 

RapioLocicaL SECTION, Connecticut MEDICAL Soclery 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

SECTION ON Rapnriorocv, ILLinots SrarE MEDICAL SociETy 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RADIOLOGICAL 
ASSOCIATION 
Secretary, Dr. Donald R. Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL AssOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BROOKLYN ROENTGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday October to April. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
Sti; Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

CuicAco ROENTGEN SOCIETY 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 
Chicago, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Qhio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVEL axpRapios OGICAL SOCIETY 
Secretary, J. O. Newton, 13921 Terrace Rd., East 
Cleveland. nt at 6:30 P.M. at Midday Club on fourth 
Monday each month, October to April, inclusive. 

DENVER RADIOLOGICAL CLUB 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Deny er, Colo. Meets third F day of each month at 
Denver Athletic Club. 

DErRorr ROENTGEN Ray AND RapiuM Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Building. 


Chicago, 


Section, Los ANGELES Country MkpicAL 








OF ROENTGEN SOCIETIES* 


FLORIDA RADIOLOGICAL SOCIETY 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

RADIOLOGICAL Sociery OF Kansas Crry 

Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 

sas City, Mo. Meets third Thursday of each month at a 

place designated by the president. 

-LINOIS RADIOLOGICAL SOCIETY 

Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 

Springfield, Ill. Meets three times a year. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in May 
annually, 

KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in 
April. 

Long Ist AND RADIOLOGICAL SOCIETY 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 

LOvuISIANA RADIOLOGICAL SOCIETY 
Secretary, Dr. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 14259 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 

MILWAUKEE RoENTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 

NEBRASKA RADIOLOGICAL SOCIETY a 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M 
at either Omaha or Lincoln. 

New ENGLAND Roentgen Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 
Mass. Meets monthly on third F riday, Boston Medical 
Library. 

RADIOLOGICAL SOCIETY or New JERSEY 
Secretary, Dr. H. J. Perlberg, 921 Bergen Ave., Jersey City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 

New York ROENTGEN SOCIETY 
Secretary, Dr. M. M. Pomeranz, 
York City. Meets monthly on third Monday, 
Academy of Medicine, at 8:00 P.M. 

NonrH CanoLiNA ROENTGEN Ray Socrery 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

NortH Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

CENTRAL New York ROENTGEN Ray SOCIETY 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 


1020 Park Ave., New 
New York 


* Secretaries of Societies not here ligted are requested to send the necessary information to the Editor. 
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Oun10 RADIOLOGICAL SOCIETY 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric ROENTGEN SOCIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 p.m.,in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PirrsBURGH ROENIGEN SOCIETY 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.M., October 
to June, Pittsburgh Academy of Medicine. 

ROCHESTER ROENTGEN Ray Society, RocuEsrER, N. Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from Cctober to May, 
inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mounvrain RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Sr. Lovis Sociery or RADIOLOGISTS 
Secretary, Dr. W. K. Mueller, University Club Bldg. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SovrH CanoriNA X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frère, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

University oF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STArg MEETING 
Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. i 

Universiry OF Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 30agU niversity Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Rogm 301, Service Memorial Institute. 

VIRGINIA RADIOLOGICAL Socierv 
Secretary, Dr. E. L. Flanagan, 116 E. 
Richmond, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, Seattle. 

X-ray Strupy Cius or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly in evening on third Thurs. 


day. 
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CUBA 

SOCIEDAD DE RaApIoLocia v FISIOTERAPIA DE Cu 

President, Dr. J. Manuel Viamonte, Hospital V 
Habana, Cuba. Meets monthly in Habana. 


BRITISH EMPIRE 


BrivisH [NsrirvrE or RApDIoLoGyY INCORPORA®ED wri 
THE RÖNTGEN SOCIETY 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 P.M., 32 Welbeck St., London. 
Secrion OF RADIOLOGY OF THE Rovar Sociery or MEDI- 
CINE (CoNriNED TO MEDICAL MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:15 P.M. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 
FAcvrTY OF RADIOLOGISTS 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 
SECTION OF RADIOLOGY AND MepicaL ELECTRICITY, Avs- 
TRALASIAN MEDICAL CONGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. " 
RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL ASSOCIATION 
Secretary, Dr. Keith Hallam, St. George's Hospi, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 
CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 
SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
RADIOLOGICAL SEcTION, New ZEALAND Bnrrisu MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 
CONTINENTAL EUROPE 
SOCIEDAD EsrANoLA DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, . 
Spain. Meets monthly in Madrid. 
SociÉTÉ SuisskE DE RADIOLOGIE (SCHWEIZERISCHE RÓNT- 
GEN-GESELLSCHAFT) 
Secretary tor French language, Dr. A. Grosjean La Chaux s 
de Fonds. 
Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 
SOCIETATEA ROMANA DE RADIOLOGIE st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Mărăcine, 30, 
S. L, Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. . 
Att-Russtan ROENTGEN Ray Association, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 
Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 
LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gustesin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 
Moscow RoENTGEN Ray Sociery & 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 


Konobejevsky. Meets monthly, first Monday, 8 p.m?  * 
SCANDINAVIAN ROENTGEN SOCIETIES E 
Phe Scandinavian roentgen societies have formed a joint . 
association called the Northern Association for Medical 
Radiology, meeting every second year in the differen 
countries belonging to the Association. 
e e 
e 
e. 
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V - AMHBRICAN RADIUM SOCIETY What May Logically Be Expected from Pre- 
E t ; 5 ; l . l and Postoperative Irradiation in Mam- 
e Officers and the Executive Commit- 







of the American Radium Society make 
follewing announcement: 

There will not be a 1943 meeting of the 
* American Radium Society. The dues of the 
members in the Armed Forces are cancelled 
for the period of their military service. 
Members in the Armed Forces who wish 
to have their subscription to the AMERICAN 
JOURNAL or ROENTGENOLOGY AND RADIUM 
THERAPY continued must send in the sub- 
scription price of $10.00 per year to the 
Treasurer, Dr. Leland R. Cowan, Medical 
Arts Building, Salt Lake City, Utah. Dur- 
inS&the absence of Dr. A. N. Arneson in the 
military service, Dr. E. H. Skinner, 1532 
Professional Building, Kansas City, Mis- 
souri, has been made Acting Secretary. 


CANCER TEACHING DAY 


A program under the title of Cancer 
Teaching Day and arranged under the 
auspices of a number of medical societies of 
Rochester and of the State of New York 
will be presented at the Academy of Medi- 
cine, Rochester, New York, on Thursday, 
April 15, 1943. The meeting will be called 
to order at 4:15 P.M., with Dr. J. Craig 
Potter as Chairman. The following papers 
will be presented: 

Opening Remarks. G. Kirby Collier, M.D., 

Rochester, N. Y. 
Care of the Advanced Cancer Patient. 


Norman Treves, M.D., New York, N. Y. 


mary Cancer. Fred W. Stewart, M.D., 
New York, N. Y. 


Dinner will be served at 6:30 r.M. at the 
Academv of Medicine. Reservations are re- 
quired in advance. It is requested that 
those planning to attend cooperate with the 
committee by sending their reservations to 
Dr. J. Craig Potter, Academy of Medicine, 
1441 East Avenue, Rochester, N. Y. 

The program will be resumed in the 
evening at 8 P.M., with Dr. Leo F. Simpson 
as Chairman, and the following papers will 
be presented: 


Opening Remarks. John Aikman, M.D., 
Rochester, N.Y. 

Rôle of the Endocrines in Neoplastic Disease. 
Cornelius P. Rhoads, M.D., New York, 
N: Xs 

Diagnosis and Treatment of Prostatic Can- 
cer. Charles B. Huggins, M.D., Chicago, 
Il. 


AMERICAN BOARD OF RADIOLOGY 


The next examination of the American 
Board of Radiology will be conducted on 
June 3, 4 and 5, 1943, at the Palmer House 
in Chicago. 

This examination precedes the Teachers’ 
Conference of Radiology and the annual 
meeting of the American College of Radiol- 
ogy for members, Fellows and guests, to be 
held on Sunday, June 6 at the Palmer 


House. 
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DEPARTMENT OF TECHNIQUE f : 
Department Editor: Ronggr B. Tarr, M.D., B.S., M.A., 103 Rutledge Ave. 
Charleston, S. C. : 
ROENTGENOGRAPHY OF THE EXTERNAL EAR  * 
By MAJOR ARTHUR W. FUCHS, Sanitary Corps 
Army Medical School 
WASHINGTON, D. C. 
LASTIC surgeons are frequently con- ized as well as incipient or advanced cal- 
fronted with the problem of reformation | cification caused bv systemic, circulatory or 
or plastic repair of the external ear in cases senile changes, malnutrition or frostbite 
of military or non-military mutilation, con- Since the surgeon is interested in the prog- 
genital malformation or abnormal projec- ress made bv the patient after restoragfte 
tion. Surgical correction can be facilitated work is completed, follow-up roentgeno- 
in some measure bv information provided grams can be distinctly of service. 
by the roentgenologist for the roentgeno- The anatomv of the external ear in addi- 
gram can depict the form and character of tion to a useful roentgenographic technique 
many traumatic and pathological altera- for recording the auricle is herein de- 
tions. The size and form of the concha and scribed. 
the character of its cartilages can be visual- ANATOMY 
The external ear (Fig. 1) is a shell-shaped ° 
organ known as the auricle (auricula) which 
is attached to and projects from the lateral . 
aspect of the head. In the most depressed 
portion is located the external acoustic 
meatus (75) which forms the entrance to 
the canal leading to the tympanic mem- 
brane. 
The auricle presents lateral and medial 
aspects and forms an angle of approxi- eœ 





Fic. 1. 7, helix; 2, fossa triangularis; 5, crus antiheli- 
cis superior; 4, scapha; 5, crus antihelicis inferior; 
6, cymba conchae; 7, tuberculum auriculare; 5, 
crus helicis; 9, tragus; 70, cavum conchae; 77, anti- 
helix; 72, incisura intertragica; 75, antitragus; 74, 
lobule; 75, external acoustic meatus. 


mately 30 degrees with the side of the head. 
The lateral surface is irregularly concave 
and exhibits several prominent elevations 
and depressions. The medial aspect 1s some- 
what irregular and the elevations one its 
surface correspond to the depressions in the 
lateral aspect. The deepest depression is 
divided by a transverse ridge (crus heltcis§ 
(6) into an upper (cymba conch@e) (6) and 


a lower portion (cavum conchae) (70). — 


teriorly, the crus helicis is continuous wit 

the auricular border (Ae/ix) (7) which is 
incurved and forms the outer limit of the 
auricle. In. the upper portion of the de- 
scending helix, a small tubercle (¢uberculum 
auriculare) (7) occurs. Anteriorly to the 


descending helix is a second elevation (anti-, 


helix) (77) which is single below but divides 
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A and dt inferior Fry (crus 
) between which is a 
pa ie iiti (fossa triangularis) 
. Thé scapha (4) is an elongated depres- 
sion between the helix and the antihelix. 

The concavity of the concha is over- 
lapped anteriorly by the /ragus (9) and 
posteriorly by the avtitragus (73); the 
notch between these processes 1s the 77c1- 
cisura intertragica (12). The lobule (74) 1s 
situated below the incisura intertragica and 
is the most dependent part of the auricle. 

The auricle varies in size and shape, 
usually being smaller and more finely 
we deled in the female than in the male. It 

ji». ists largelv of two lavers of thin skin 

and an intricately shaped lamella of vel- 
low fibrocartilage which gives form to the 
ear; the lobule is composed essentially of 
fat and connective tissue. The cartilage of 
the auricle is attached to the temporal bone 
bv an anterior and a posterior ligament and 
a series of extrinsic and intrinsic muscles. 

Prominent ears are fairly common and 
usually are caused by incomplete develop- 
ment of the antihelix. The condition is 
generaly bilateral but it occasionally 
occurs on one side only. Ears may 
different sizes and not on the same level. 
Congenital absence occurs about 1! in 
20,000. 





TECHNIQUE 

The location of the external ear makes it 
difficult to roentgenograph when employing 
a cassette or exposure holder. However, the 
occlusal film in its packet because of its 
size (24 by 3 in.) and shape offers a most 
convene vehicle for recording easily the 
image of the external ear. 
à; 48 roentgenography of the external ear 
the] patieng lies supine on the table with the 
head on a pillow and the median plane is 


Ner tical. The ear is gently bent forward and 


placed on an occlusal film packet which is 
supported by a small sandbag so that the 
plane of the film is horizontal. The medial 


edge of the packet is butted to the lateral , 


aspect of the head. The central ray is pro- 


jected perpendicularly through the center of 


to the lateral 


ethe ear and tangentially 
* 
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aspect of the head (Fig. 2 and 3). 

Views of both ears may be made with 
one exposure by arranging an occlusal film 
under each ear. The central ray is then 
projected in the intersection of a transverse 
plane passing through the centers of both 
ears, and the median plane (Fig. 4 and 5). 
A small amount of the soft tissues of the 
lateral aspect of the head is projected and 
superimposed on the medial aspects of the 
ears but the quantity is not sufficient to 
interfere with interpretation. The tech- 
nique most suitable for roentgenography of 
the ear is described briefly and more com- 
pletely as follows: 


External ear. 

Anterolateral. 

Center of ear. 

Long axis of horizontally 
aligned film packet ( (2$ by 3 
in.) coincident with long axis 
of ear; film packet placed 
posterior to projecting ear 
and supported by small sand- 
bag so that plane of packet is 
horizontal; medial edge of 
packet butted against lateral 
aspect of head; center of ear 
over approximate center of 
packet (Fig. 2 to 5). 

Patient supine; head on pil- 
low; chin depressed and ear 
gently bent forward so that 
long axis 1s horizontal and 
placed on supported film 
packet (Fig. 2 tog). 

The central rav is proJected 
perpendicularly to plane of 
film (1) for one ear, through 
center of auricle and tan- 
gential to lateral aspect of 
he 31n. cone is used (Fig. 
2 and 3); (2) for both ears, in 
intersection of a transverse 
plane passing through the 
centers of both ears, and the 
median plane—4 1n. cone is 
used (Fig. 4 and 5). 

Shows cartilages and soft tis- 
sues of the external ear (Fig. 
6). 


Region. 

Projection. 
Localization Point. 
Film Placement. 


Posture. 


Projection Central Ray. 





Roentgenogram. 


Technical Factors. 
Kv. (peak) (optimum) 40 
Ma. 5 


Focal spot Small 

Cones * im. and a 
in. 

Anode-film distance — 30 in. Filter 0.5 mm. Al 


Film Occlusal, super-speed 


Arthur W. Fuchs 
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i In thse cases where it is impossible to 
=a i he ear due to lack of flexibility or to 

injyvry, the film packet is placed between 
tke ear and the head with the patient in the 
Steal fecumbent position. In this instance 
the central ray is directed at the external 
acoustic meatus. 

The occlusal film packets are covered 
with white paper that are pebbled on the 
tube side. They are obtainable in two 
speeds—super-speed and regular. The for- 
mer type is double coated and requires only 
one-eighth the exposure necessary for the 
regular film which is single coated. 

The references appended represent a 
— comprehensive survey of the litera- 

tu% from a roentgenographic standpoint. 
An excellent bibliography is given with the 
paper by Higbee.” 
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ROENTGEN DIAGNOSIS 


SKELETAL SYSTEM 


NATHANSON, Louis, and Conen, WILLIAM. A 
statistical and roentgen analysis of two 
hundred cases of bone and joint tuberculosis. 


Radiology, May, 1941, 36, 550-567. 


Two hundred cases of bone and joint tubercu- 


- losis from the Sea View Hospital, Staten Island, 
e New York, are analyzed. One hundred of them 


were children up to sixteen years of age and the 

*her hundred were adults from sixteen to sev- 
en®y years of age. Tables are given showing the 
distribution of cases according to sex, age and 
race, the comparative distribution of the lesions 
in the children's and adult groups, the distribu- 
tion of multiple lesions and the complicating 
conditions. 

The most frequent site of the tuberculosis was 
in the spine. In the adult group there was a 
definite preponderance of tuberculosis in 
weight-bearing areas while this was less marked 
in the younger group. This is probably due to 
the influence of trauma and physical exertion in 
adults and to early post-primary hematogenous 
dissemination in the children’s group. All the 
cases of tuberculosis of the long bones were in 
children. Involvement of more than one bone 
was common. 

These bone lesions were frequently compli- 
cated by pulmonary tuberculosis, pleural ef- 
fusion and amyloidosis. 

On roentgen examination paravertebral ab- 
scess can frequently be demonstrated. It may be 
the only roentgen sign of the disease. It may be 
segn best on the lateral roentgenogram. Involve- 
ment of separate areas of the spinal column, or 
skipped infection, is not infrequent. But often 


Oh, autopsy the intervening segments were 


found involved also: Any part of the body of the 
vertebra may be involved. Marginal localiza- 
tion of the tuberculosis is more frequent in 
“adults than in children. The proximity of these 
lesions to the periosteum probably causes the 
pain so frequently seen in adults. In children 
the center of the vertebra is more frequently 


involved; the center of the body may give way? 


resulting in glbbus formation. 
Tuberculosis of the shaft of long bones in 





children may simulate diffuse, chronic, non- 
specific osteomyelitis or a punched out cystic 
type of lesion. The shaft is frequently involved 
secondary to joint tuberculosis. 

Though tuberculosis of bone is commonly 
thought to be purely destructive considerable 
productive bone reaction was seen in these 
cases. The productive periostitis is nearly always 
parallel to the shaft. Tuberculosis of the shaft 
of the short bones of the hands and feet is fre- 
quent in children and rare in adults. Flat bones 
are rarely affected by tuberculosis. Punched-out 
lesions were so frequently seen in the shaft of 
long bones immediately adjacent to tubercu- 
losis of the joints that this sign 1s considered 
valuable in diagnosis. Bilateral symmetrical 
lesions were seen and indicate that the involve- 
ment is hematogenous. 

Bone and joint tuberculosis are so similar to 
many other bone lesions that diagnosis cannot 
be made from the roentgenogram alone but the 
clinical facts must be studied carefully. — 
Audrey G. Morgan. 


Kxurssox, Forks. Über die Róntgenologie des 
Femoropatellargelenks sowie eine gute Pro- 
jektion für das Kniegelenk. (The roentgenol- 
ogy of the femoropatellar joint and a good 
projection for the knee joint.) Acta radiol., 
1941, 22, 371-376. 

A complete examination of the kwee joint re- ' 
quires an axial as well as a frontal and lateral 
projection. Heretofore the axial projection has 
generally been takgn with the knee flexed at a 
right angle which does not make it possible to 
judge the thickness of the cartilage or th®con- 
dition of the patellar surface of the femur. 

'The author describes and illustrates a new 
position for the axial projection. The patient 
lies on his back on the table with 'a pillow under 
the knee which brings about a flexion of 130%- 
150°. The patella lies in its groove on the patel- 
lar surface of the femur and it is possible to 
study various degrees of lateral subluxation of 
the patella and to see every detail of any 
changes caused by arthritis deformans. Such 
changes when localized only in the knee joint 
may be caused by varying degrees of dysplasia 
of the femoropatellar joint —dudrey G. Morgan. 
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Mensor, Merritt C., and MELODY, GEORGE 
F. Osteochondritis dissecans of the ankle 
joint; use of tomography as diagnostic aid. 
F. Bone & Joint Surg., 1941, 23, 903-909. 

In the literature at their disposal, the authors 
found only 17 cases of osteochondritis of the 
ankle joint, and to their knowledge there are 
reports of but 2 other established cases, the 
published accounts of which were not accessible 
to them. They report an additional case which 
is reported mainly because of two factors: first, 
it is another established instance of osteo- 
chondritis of the ankle joint; second, it illus- 
trates the value of tomography in the roent- 
genographic diagnosis of lesions of the osseous 
system, and emphasizes its importance in the 
accurate localization of bone defects requiring 
operative intervention. By this means it 1s pos- 
sible to plan preoperatively the most direct ap- 
proach whereby the lesion can be reached with 
a minimum of trauma to the surrounding struc- 
tures. 

The patient was a male, aged thirty-four, and 
was first seen eight months after he had sus- 
tained an injury to the right ankle joint, result- 
ing from a fall from a platform, 8 feet high. By 
means of the tomograph, the osteochondritic 
process was localized on the superior articular 
surface of the talus. 

Chronic pain or discomfort in the ankle— 
following a sprain, dislocation or fracture— 
which persists despite ordinary conservative 
treatment should suggest the possibility of 
osteochondritis dissecans tali. A history of re- 
current instability of the ankle joint should 
arouse suspicion relative to the possibility of a 
loose fragment or "joint mouse." Mensor and 
Melody regard arthrotomy as the treatment of 
choice, with removal of the fragment or frag- 
ments, but without immobilization. This should 
be followed by rehabilitation therapy in the 
form of diathermy, massage, and graded exer- 
cises, which are important adjuncts in the ac- 
complishment of prompt postoperative recovery 
of normal function and complete rehabilitation. 
Prognosis is excellent in patients receiving early 
diagnosis and appropriate treatment. Such 
treatment is also a prophylaxis against the de- 
velopment of chronic hypertrophic synovitis 
and traumatic arthritis.—R. S. Bromer. 


Licut, ERIK DE Fine. On bipartite os navicu- 
lare pedis. Acta radiol., 1941, 22, 377-382. 


The author describes the first 4 cases of bi- 


Abstracts of Roentgen and Radium Literature M 


CH* 1943 


partite navicular bone of the foot that have 
been recorded in Denmark. They are illustrate 
with roentgenograms. In all of these cases there 
was more or less arthritis of the joints involved. 
This has not been true in the cases préviously 
published but they were all in young subjects, 
while the author’s youngest patient was forty- 
six years of age when first examined. In 2 of the 
cases the condition was bilateral. In 1 of the 
cases the patient had been examined nine years 
before and the new roentgenograms showed con- 
siderable progress in the arthritis. In 1 of the 
cases the appearance was typical on one side, 
while on the other it was not completely de- 
veloped. 

Differential diagnosis from tabes and fracture 


must be considered. The author believes thag» <» 


this is a congenital malformation. The trgat- 
ment must be orthopedic.— Audrey G. Morgan. 


Sanford, Hawtey, and Dovs, Howarp P. 
Epidurography. Radiology, June, 1941, 36, 
712—716. 


Epidurography is presented as a new method 
of demonstrating protrusion of the interverte- 
bral discs. The air is injected into the epidural 
space instead of the subarachnoid space. It is 
the logical method as the disc protrudes directly 
into the epidural space. The space is closed at 
the top at the foramen magnum and no air 
passes into the skull. Therefore the patient can 
be seen for further diagnostic studies the same 
day. This also prevents the headache and dis- 
comfort caused by air myelography. The tech- 
nique of the method is described and illustrated 
and epidurograms given of a normal spine and 
one with a protrusion of a disc. In a study of 77 
cases It was found that roentgenographic diag- 
nosis could be made by epidurography alone 
without subsequent use of lipiodol in $5 per 
cent of the cases and with the air myelograny in 
only 35 per cent.—Audrey G. Morgan. 


Bunts, A. T. Surgical aspects of ruptured inter- 


vertebral disc; with particular reference to* 


thorotrast myelography. Radiol/@cy, May, 
1941, 36, 604-616. 


e = 


Patients who complain of lumbago, recurrent 
sciatica, lumbosacral strain or sacroiliac ar- 
thritis frequently have a ruptured intervertebral 
disc. These may be demonstrated by contrast 


*myelograms. The author prefers thorotrast to 


lipiodol as a contrast medium, as it is less 
viscous and fills the sheaths of the spinal nerves 


> - ture. In 2 
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more completely. For the same reason it can be 
rdmoved almost completely from the subarach- 
noid space by forced drainage and the small 
amount left gives off much less than the mini- 
mal toxic levels of radiation. When ruptured 


: intervertebral disc is demonstrated it must be 


removed surgically. Sometimes this requires 
only partial removal of bone from one side of 
the laminae, sometimes removal of the entire 
laminae of two vertebrae; occasionallv it can be 
removed without any bone destruction. The 
nerve root should be free of pressure when the 
operation is completed. 

Twelve cases are described and illustrated 
with myelograms. The conditions found at 
operation are compared with the myelographic 
cases the history and phvsical 
examination suggested tumor of the cauda 
equina. 

The roentgenologist should be present in the 
operating room to learn the exact anatomical 
picture presented and be able to compare it 
with his myelographic findings. 

In the discussion Dr. Camp said that he be- 
lieved that thorotrast was satisfactory if there 
was no question of a tumor higher up in the 
spinal canal. Thorotrast as used by Dr. Bunts 
shows only the lower three segments of the 
lumbar canal. It is possible for patients with 
tumor in the cervical and thoracic parts of the 
spinal canal to have low back pain; this occurs 
in about 30 per cent of patients with tumors in 
the cervical canal and about 50 per cent of those 
with tumors in the thoracic canal. Thorotrast is 
also an intense irritant to the subcutaneous 
tissues. The lateral and prone oblique positions 
should be used in order not to miss a central 
type of protrusion. 

Dr. Bunts replied that in cases in which they 
suspected tumor they had been injecting lipio- 
dol into the cistern and allowing it to low down 
the canal, while in cases in which herniation of 
a disc was suspected they had been using thoro- 
trast.— dudrey G. Morgan. 

d e. 

ScALITZER? Max. Roentgenographic diagnosis 

of vertebral syphilis. Radiology, July, 1941, 
ah. 


Three cases of vertebral syphilis are described 
in all of which there was intense pain and in all 
the destructive lesions were localized in the 
cervical spinal column, being found in 2 of the 
cases in the upper and middle cervical vertebrae. 
Though there had been extensive destruction of 
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the bodies of one or more of the vertebrae there 
was no collapse, because of marked sclerosis 
and hyperostosis. There was no wedging of the 
bodies of the vertebrae and no changes in the 
intervertebral discs. The destruction was 
chiefly in the ventral part of the bodies of the 
vertebrae, the borders of which were irregularly 
indented. This is caused by penetration of the 
syphilitic granulation tissue into the bone, 
forming rough cavities with indented borders. 
This form of destructive syphilitic spondylitis 
can be readily differentiated in the roentgeno- 
gram from other forms of bone disease, though 
spondylitis syphilitica simplex cannot. 

It differs from tuberculosis in the fact that 
osteosclerosis predominates, while in tubercu- 
losis decalcified areas appear at an early stage. 
The bodies of the vertebrae collapse early in 
tuberculosis and wedge formation occurs. The 
intervertebral discs are frequently destroyed in . 
tuberculosis. Cold abscesses are found in tuber- 
culosis while there are no abscesses in this form 
of syphilis. In osteomyelitis there is decalcifica- 
tion, wedge formation and abscess. Lympho- 
granulomatosis also shows decalcification, with 
osteosclerosis only in the healing stage. Osteo- 
plastic tumor metastases extend over larger 
parts of the spinal column; the bodies of the 
vertebrae break down. 

The diagnosis is confirmed by the results of 
antisyphilitic treatment. The importance of 
early roentgen diagnosis is shown by the first 
case described above. This patient had wandered 
from doctor to doctor for twenty years without 
relief from the intense pain. He recovered 
promptly on antisyphilitic treatment.— dudrey 
G. Morgan. 


GHORMLEY, RALPH K., and ADSON, ALFRED W. 
Hemangioma of vertebrae. F. Bone S Joint 
Surg., Oct., 1941, 23, 887-895. e 


Ghormley and Adson state that evidence 
points toward vertebral hemangioma as a defi- 
nitely recognizable condition which often does 
not produce symptoms. However, the symptoms 
of some patients, particularly the younger ones, 
may be marked, even to development of com- 
plete paraplegia. In such cases laminectomy 
with decompression, followed by roentgen 
therapy, offers the best possibility of relief. In 
patients in whom paraplegia is not present but 
in whom there is evidence of compression of the 
spinal cord or local symptoms, roentgen therapy 
is the treatment of choice. Supportive corsets 
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or braces should be used whenever they are 
indicated, for instance with patients who have 
the static tvpe of pain or sufficient involvement 
of the vertebra by the hemangioma to cause a 
pathological compression fracture. This latter 
complication is rarely noted, however. 

Roentgenographic studies of the involved 
portion of the spinal column usually reveal 
pathognomonic evidence of the disease. Studies 
in the earlier phase will reveal areas of hyper- 
trophy of the pedicle and lamina, enlargement 
of the intertrabecular spaces, and absorption 
of trabeculae in the body, with thickening of 
other trabeculae, thus giving the appearance 
of channels situated between or interwoven 
among the trabeculae. In the more advanced 
stages of the disease, a ballooning process takes 
place, the body of the vertebra is flattened and 
the walls have a tendency to bulge. This process 
accounts for the narrowing of the spinal canal. 
In a few instances, a pathological fracture has 
occurred, with accounts for the kyphosis or 
scoliosis. 

Roentgen treatment consisted in irradiation 
of the affected vertebra through four posterior 
portals. Each field received a dose of approxi- 
mately soo r. The factors used were as follows: 
135 kv., at a distance of 16 in. (40.6 cm.), 
§ ma., and 6 mm. of aluminum filtration. This 
dose was repeated at intervals of four to six 
weeks for three to four treatments and there- 
after once or twice a year over a period of four 
vears. l'he number of treatments depended on 
the findings on clinical and. roentgenographic 
examination.—R. S. Bromer. 


KRAUSE, @EORGE R., and LANGSAM, CHARLES 
L. Fractures of the vertebrae following metra- 
zol therapy. Radiology, June, 1941, 36, 725- 
730. . 


Ihe authors studied a group of 75 patients 
treated with metrazol in the Neuropsychiatric 
Division of the Cleveland City Hospital. Thirty- 
two of them, or 42.6 per cent, suffered fracture 
of one or more vertebrae, an average of more 
than two per patient as there were 70 fractures 
in all. The fractures were seen most frequently 
in the mid-thoracic spine, indicating that the 
injury is caused by the flexion that occurs dur- 
ing the convulsion. 

This is so high a percentage of injury that it 
makes metrazol an unsafe drug; moreover the 
efficacy of the drug has not yet been proved be- 
yond question and it should only be used in 
selected cases. Of the 7 patients in this group 
who had osteoporosis § sustained fractures. 
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Therefore osteoporosis should be ruled out bv 
roentgen examination before metrazol ee A 
ment is given. Routine roentgenograms should 
be made before and after metrazol therapy. It 
is possible that some such drug as curate, which 
acts on the muscle-nerve end plate might pre- 
vent some of these fractures.—Audrey G. 
Morgan. 


Banks, Sam W. Aseptic necrosis of the femoral 
head following traumatic dislocation of the 
hip. 7. Bone & Joint Surg., Oct., 1941, 23, 
753-791. 

Banks collected 42 cases of aseptic necrosis 
of the femoral head after traumatic dislocation 


a : . . e 
of the hip, and to these, reported in the litera- 


ture, he adds 9 cases. The recovery of a normgjœ œ 


range of motion and freedom after reductiop of 
a traumatic dislocation of the hip and a utt 
period of cast or traction immobilization, is 
generally accepted as evidence of complete re- 
covery. In such instances, the patient is then 
permitted to bear full weight on the limb and to 
return to his occupation with the understanding 
that he is cured. This encouraging prognosis is 
not a safe one, for many of these individuals ex- 
perience a recurrence of pain and progressive 
disability of the hip after months or, excep- 
tionally, years of normal activity and un- 
changed roentgenograms. This reappearance 
of symptoms after an early period of apparent 
recovery is now known to be due to aseptic nec- 
rosis of the head of the femur, which had re- 
sulted from a disruption of a major portion of 
its blood supply at the time of the dislocation. 

The blood supply of the head of the femur in 
the adult is derived from the nutrient branches 
of the anterior and posterior circumflex arteries 
which enter the epiphysis after passing through 
the capsule on the neck, and from the arteries of 
the round ligament. Banks states that further 
observations and especially pathological stuflies 
are necessary to prove which of these two 
sources of supply when injured are the cause of 
the avascularity of the head. E 

The histopathological alterations w the head, 
when it undergoes avascular necrosis and re- 
placement following dislocation of the hip, ap- 
pear to be similar to those seen, and confirmed 
by pathological examination, in necrotic heads 
after fractures of the neck of the femur followed 
by bony union. Ordinarily, three to four months 
are required for sufficient atrophy to occur be- 
fore contrast between living and dead bone is 
distinguishable in roentgenograms. Marked dis- 
use atrophy ofgthe adjacent living bone of the 
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" shaft and pelvis usually occurs following the 
* injury and immobilization. Since the necrotic 


héad without its blood supply cannot partici- 
pate in the decalcification, it will retain its 
originalelensity and cast a shadow of greater in- 
tensity in the roentgenograms than will the 


* surrounding living bone. This becomes apparent 


after three or four months and, succeeding this, 
late evidence of necrosis may develop as shown 
in the roentgenograms in the form of progressive 
replacement of avascular dense bone by less 
dense, irregular, living bone, alterations in the 
shape of the head following collapse or fragmen- 
tation, or signs of a deforming arthritis. 

Banks emphasizes the importance of early 


“diagnosis in order that the devitalized head may 


- abe adequately protected from weight-bearing 


during i its revascularization and replacement by 
new bone. He recommends that whenever pos- 
sible the extremity be protected from weight- 
bearing by means of crutches for four to six 
months after the post-reduction period of im- 
mobilization or recumbency. If the femoral head 
undergoes uniform atrophy of disuse and no 
density difference develops between it and the 
then osteoporotic living bone of the shaft and 
ilium as shown by roentgenograms, the patient 
may resume full weight-bearing with the likeli- 
hood that the head has remained alive, although 
the roentgenographic follow-up should con- 
tinue for an additional twelve months. How- 
ever, if the head is shown to be necrotic, early 
protection can be provided and continued until 
serial roentgenograms show final revasculariza- 
tion and replacement by new bone. 

On the other hand, if the patient insists on 
walking six weeks after the dislocation without 
the aid of crutches, roentgenographic examina- 
tion of the hip must be obtained at intervals 
over a period of at least two years, although the 
extremity may appear clinically intact. When 
thé diagnosis becomes available before much 
damage to the head has occurred, weight-bear- 
ing should be prevented until replacement has 
beeg completed. If, however, the hip is already 
the site ofea marked deforming arthritis which 
precludes the possibility of a satisfactory out- 
come, an arthrodesis appears to be indicated.— 
R. S. Bromer. 


ROENTGEN AND RADIUM THERAPY 
Gorn, LoweLL S., Crossan, Joun W., and 


JELLEN, JoserH, Low-voltage contact roent- ® 


gen therapy (Chaoul therapy). Radiology, 
May, 1941, 36, 583-597. 
There is considerable evidencg to support the 
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theory that the biological effect of irradiation 
Is not dependent on wave length. Based on this 
assumption Chaoul and Adam experimented 
with methods of using low-voltage irradiation 
under conditions that would give the same effect 
as radium irradiation. The necessary conditions 
for this are a short distance between the surface 
and the source of radiation with a consequent 
absorption of a large amount of energy in the 
first few centimeters of tissue. 

The authors describe and illustrate the 
Philips Metalix Contact Therapy unit which ful- 
fills these conditions. It operates with 50 kv. 
potential and 2 ma, current. The depth dose 
tables and figures for backscatter which are 
given show that the combination of short anode- 
surface distance and soft radiation makes it 
possible to closely approximate the ideal of 
maximum damage to tumor cells and minimum 
injury to normal tissues. The anode-surface 
distance is only 22 mm. which may be increased 
to 42 mm. by the use of a localizing cylinder 
with a cuff. By means of the localizing cylinders 
the tube can be fitted directly over a superficial 
lesion to be treated. In some cases the authors 
have given a dose of as much as 30,000 r to an 
area of 6 sq. cm. given in fractions of 2,500 r on 
alternate days. The reactions are earlier and 
less painful than those of the usual treatment. 

The ease of application, the short treatment 
time and the comparatively mild reaction make 
this an ideal treatment for cancer of the skin or 
in body cavities that are accessible or can be 
rendered so by surgery. It is not adapted of 
course to the treatment of deep lesions.— 
Audrey G. Morgan. 


e 
Goin, LoweLL S., and Horrman, Eucene F. 
The use of intravesical low-voltage contact 
roentgen irradiatjpn in cancer of the bladder. 


Radiology, Nov., 1941, 37, 545—549. 


There is a group of bladder tumors involving 
the trigone, one or both ureteral orifices and the 
neck of the bladder in which the only possible 
treatment heretofore has been total cystectomy. 
The authors previously described a method in 
which they marsupialized the bladder and gave 
a series of treatments with a roentgen tube in- 
troduced into the bladder and in contact with 
the lesion. They now prefer cystotomy repeated 
two or three times. This reduces the necessary 
hospitalization to two to four weeks as com- 
pared with six or seven with marsupialization. 
Complete visual control of the application of 
the roentgen tube is possible and only two or 
three anesthesias are required instead of ten to 
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fifteen. The amount of radiation given each 
time is increased but the total amount is de- 
creased. 

Under spinal anesthesia the patient is cathe- 
terized and the bladder opened. The roentgen 
tube, covered with a sterile piece of stockinet 
and a thin sterile rubber sheath, is inserted 
into the wound and its end brought in contact 
with the tumor. Half the dose is given and the 
tube removed and the field inspected to see 
that the rays are being directed properly. Then 
the tube is reinserted and the rest of the treat- 
ment given. The usual dose is 7,668 r, 1,278 r 
per minute, 50 kv. constant potential, 2 ma., 
anode-surface distance 2.5 cm., half-value layer, 
1.0 mm. aluminum. The wound is closed with a 
catheter left in place. Seven to ten days later 
the second treatment is given and if necessary 
as shown by the findings a third is given seven 
to ten days after that. For the first three months 
after operation the bladder is irrigated with 
potassium permanganate, a urinary antiseptic 
given and the urine acidified to prevent en- 
crustation of the sloughing area. Cystoscopic 
inspection should be made every three months 
for a year and every six months after that for 
four or five years. 

There has been no surgical mortality in the 
authors’ cases and in the series of 13 cases which 
is reported in the form of a table cystoscopy has 
shown in all but one total disappearance of the 
tumor from six to eighteen months after treat- 
ment. In one case the malignant growth per- 
sists. 

In reply to a question as to the type of tumor 
in which this method is indicated Dr. Goin re- 
plied that%t should be limited to tumors of the 
trigone not more than 3 cm. in diameter. Nor 
should it be too small, for very small tumors of 
low grade malignancy cane be treated through 
the urethra which is easier and safer and less 
expensive for the patient.—Audrey G. Morgan. 


PENDERGRASS, EUGENE P., and Hopes, PHILIP 
J. Further experiences with Chaoul therapy. 
Radiology, Nov., 1941, 37, 550-559. 


In 1937 the authors described 80 cases treated 
with short distance, low voltage roentgen 
therapy, using a Chaoul unit. Since then they 
have treated a much larger number of cases. 
The Chaoul unit is very flexible and particu- 
larly adapted for treating small tumors about 
the eyes and nose. Large amounts of radiation 
can be given to small volumes of tissue. The 
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lesion must be accessible. Because of the rapid * 
decrease in depth dose by this methed it should e 
not be used for lesions more than 1.5 to 2 cf. 
in thickness. Nor should the lesions be too large. 
For large lesions multiple portals muss be used 
which involves the danger of over-irradiating 
some areas and under-irradiating others. Fore 
such lesions it is probably best to use inter- 
mediate voltages and short target-skin dis- 
tances. Cartilage does not seem to tolerate this 
form of treatment well. 

From Februarv, 1936, to September, 1940, 
the authors have used this method in the treat- 
ment of 228 malignant tumors, 106 benign 
tumors and 207 inflammatory conditions. They 
discuss details of technique in different condi? 
tions, illustrating them with actual cases 
treated. They advocate basing the total dosage 
on the reaction of the tissues to the irradiafion. 
This avoids under-dosage of the more resistant 
parts of the tumor and minimizes the danger of 
later indolent ulcerations.—dudrey G. Morgan. 


Kartan, Ira I. Irradiation of brain tumors at 
Bellevue Hospital 1924-1929. Radiology, 
May, 1941, 36, 588—595. 


This article is based on a series of 154 brain 
tumors treated by irradiation at Bellevue Hos- 
pital. Excluding pituitary tumors there was a 
total of 115 cases, 10 of which were of the cere- 
bellum. 

Irradiation is of undoubted value in the treat- 
ment of tumors of the brain. It is very effective 
in gliomas and may be used effectively even in 
slow-growing tumors. Formerly too small doses 
were used for fear of damaging normal tissue 
but it has been found that if properly given very 
large doses can be used as the tissue of brain 
tumors is much more radiosensitive than nor- 
mal brain tissue. 

As a rule, treatment is given with high-volt- 
age roentgen rays or the radium pack. Generally 
irradiation should follow surgical exploration to 
determine the nature of the tumor, and decom- 
pression, because irradiation tends to (iust 
hyperemia and edema. Skill and efperience is 
required in the radiotherapy of brain tumors for 
there is danger of coma and even death ff treat- 
ment is not properly given. 

Roentgen treatment is generally given with 
200 kv., a filter of 0.§ mm. copper and 1 mm. 
aluminum at a distance of 40 to £o cm. with 
four to eight fields. Treatment is given dailv in 
doses of 100 to 300 r to one or more fields; the 
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total dose is 1,000 to 1,500 r to each field in each 
series. [n some cases a total dose of 42,000 r 

as given over a period of months. For radium 
therapy the § gram radium pack was used, 
delivermg 5,000 mlligram-hours of irradiation 
at 6 cm. distance, filtered through 2 cm. plati- 
num. From four to eight fields may be used, 
each being given a dose of 10,000 to 50,000 
milligram-hours over a period of several days or 
weeks. 

Irradiation is effective in the treatment of 
pituitary tumors and hyperplasia of the pitui- 
tary. The author believes that with the use of 
large doses tumors that have been considered 
radioresistant will be brought into the radio- 
sensitive class. Illustrative cases of glioma and 


e æ pituitary tumor that were treated successfully 


are described. 

In the discussion the fact was brought out 
that not more than 6,000 r should be ad- 
ministered to brain tissue in any one series of 
treatments.— dudrey G. Morgan. 


MANDEVILLE, F. B., RusseLL, D. A., and 
FarLEY, Maupe S. Roentgen therapy of 100 
consecutive tumors of the brain or spinal 
cord. Radiology, Nov., 1941, 37, 560-568. 


The authors discuss 100 cases of tumors of the 
brain or spinal cord in which they have given 
radiation therapy after surgical treatment con- 
sisting of decompression and partial extirpation. 
They have used a 200 kv. apparatus with a half- 
value layer of 0.8 to 2.0 mm. copper, an effective 
wave length of 0.16 to 0.12 Angstroms, 50 cm. 
target-skin distance, and large total daily doses 
of 400 to 800 r, measured in air. Four portals 
IO cm. in diameter to the skull or two posterior 
oblique portals to the spine have been usual. 
Total doses in air to each portal have been from 
700 to 1,200 r; occasionally 1,800 r has been 
given with smaller portals in pituitary cases and 
in spinal tumors with narrow fields. 

The cvcle has often been given in five days. 
They prefer to protract it to several weeks but 
tht patients often refuse to cooperate. There 
are so m&ny other factors in irradiation besides 
the total quantity, such as quality, spacing, 
portals, etc., that it is a mistake to consider 
dosage in terms of total quantity alone. 

In this series of 100 cases, 34 of the patients 
have died, 16 have not been traced and 5o are 
still living. Only 7 of the patients cooperated 
completely and were given the treatment just as 
planned. All of these 7 are alive. The records 
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show improvement or prolongation of life in all 
cases in which there was even partial coopera- 
tion.—udrey G. Morgan. 


Roperts, Fr. Breast cancer; a study of the 
train of events which may follow radical re- 
moval and post-operative x-ray therapy. 
Brit. Y. Radiol., Aug., 1941, 74, 269-274. 


Based on a careful study of 143 cases of his 
own the author concludes that some changes 
should be made in the usual routine treatment 
of cancer of the breast. In the first place he 
emphasizes the fact that this, like all cancer, 
does not long remain localized and it is the 
tendency to generalized dissemination that is 
the greatest problem in treatment. Recurrence 
is most frequent in the breast region, neck and 
skeleton and there is practically no recurrence 
in the axilla. Surgical removal of the axillary 
glands is complete and there are no glands in 
which the tumor can recur. Therefore irradia- 
tion of the axilla is superfluous, but the breast 
region and neck should be irradiated even more 
intensively than they have been. In the breast 
region low voltage should be used rather than 
high voltage because of the thinness of the 
chest wall and the possibility of injuring the 
lung. Because of the frequency of bone metas- 
tases the lower part of the spine and the pelvis 
should be given prophylactic irradiation. 

Isolated recurrence is a sign of generalization 
and there is little use of treating the individual 
nodules as they appear. If there is localized 
persistent pain in the spine or pelvis, treatment 
should be given before roentgen signs of metas- 
tasis appear. Recurrence in the other breast oc- 
curs chiefly in young women and*it does not 


make the prognosis particularly worse.— 
Audrey G. Morgan. 
ee es 





Leucutia, T., Wrrwen, E. R., and BELANGER, 
GEonGE. Late results in benign giajft-cell 
tumor of bone obtained by radiation therapy. 
Radiology, July, 1941, 37, 1-17. 

Formerly when giant cell tumors were con- 
sidered true bone sarcomata the chief method 
of treatment was surgical. Since it has been 
found that they are benign roentgen treatment 
has become increasingly popular. 

The authors study 33 cases treated at Harper 
Hospital, Detroit, from 1923 to 1935. À table 
summarizes the cases. In the first series from 
1923 to 1929 curettage and postoperative ir- 
radiation were used. Amputation eventually 
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had to be performed in 3 of these cases and 1 
resulted in sarcomatous degeneration and death. 
Of the 18 cases treated by irradiation alone after 
1929 good results were obtained in all. They 
conclude that irradiation is to be preferred to 
surgery because it is simpler and does not harm 
normal tissues. With surgery there is danger of 
infection, the trabeculation of the bone is de- 
stroyed and reossification is delayed and the 
trauma of surgery mav lead to malignant de- 
generation. These dangers are absent in radio- 
therapv. 

When giant cell tumors were considered true 
neoplasms there was a tendency to give large 
doses of irradiation; now that they are known 
to be processes of inflammation and repair 
smaller doses are given. In the authors’ cases 
treatment was given with 200 kv. equivalent 
(1 mm. copper forefilter). The initial dose was 
about 70 per cent s.v.p. reduced by about 10 
per cent per series until treatment was com- 
pleted. The full series was given at a single 
treatment, several fields being used for purposes 
of cross-firing. The series is repeated after two 
months and at gradually increasing intervals 
thereafter; the average time required for treat- 
ment is two years. With children smaller doses 
and longer intervals may be used: 50 per cent 
s.v.D. initial dose, three-month interval before 
the second series. 

As the use of plaster casts after treatment led 
to demineralization from disuse, their use was 
discontinued. The patient is allowed to use the 
limb with crutches and cautioned to be careful 
in order to prevent fractures. The authors 
recommend radiation therapy as the treatment 
of choice if all giant cell tumors and related 
cystic bone conditions. 

In the discussion Dr. Dickson objected that 
the authors had compared modern roentgen 
treatment with outmoded surgical treatment. 
He Said their objections were valid in regard to 
curettage and the use of escharotics but did not 
apply to curettage and filling the cavity with 
bone chips, which is the modern surgical 
method. 

Dr. Lenz said that giant-cell tumors around 
the knee were apt to be osteogenic sarcomas and 
that these should be operated on, 
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Dr. Newell said that in osteogenic sarcoma of 
the knee there was little chance of saving the 
patient’s life by amputation and that with 
roentgen treatment there was much less danger 
of leaving severe deformity. . 

Dr. Leucutia said in closing that he did not 
want to give the impression that surgery was of 
no value but that even if a tumor of the knee 
were osteogenic sarcoma it was apt to be of the 
osteolytic or telangiectatic type and in these, 
too, roentgen treatment is indicated. If there is 
any doubt as to diagnosis a biopsy should be 
taken.—-Audrey G. Morgan. 


MISCELLANEOUS 


Witson, C. W. Some geometrical methods of 
projecting dose contours. Brit. T. Radiol 
Oct., 1940, 75, 345-350. * 


The author describes a geometrical method of 
determining the distribution of radiation due to 
a single beam in any plane, no matter what the 
relation of the plane to the central axis of the 
beam. The explanation is illustrated by the 
isodose curves for the principal plane, that is 
the plane containing the central axis of the 
beam, and planes parallel to it and at distances 
of r, 2 and 3 cm. from it, as these are the ones 
most commonly needed in practice. The method 
is perhaps more tedious than that with May- 
neord’s dose-contour projector but it may be 
useful in departments where the latter is not 
available. It is simple as it requires only the 
usual drawing instruments and materials.— 
Audrey G. Morgan. 


Binks, W. A nomogram for the determination 
of lead protection against high-voltage x rays. 
Brit. Y. Radiol., Sept., 1940, 73, 322-323. 


L 


A nomogram is given for the determination 
of the amount of lead protection needed against 
roentgen radiation for voltages from 200 to 
3,000 kv., for tube currents between 0.5 and 
30 ma. and for distances between 0.5 and,10 
meters when the tubes have reflegtion type 
targets and constant potential excitation. The 
method of using the nomogram is described.— 
Audrey G. Morgan. 
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BLEEDING IN HIATUS HERNIA* 
: By OTTO D. SAHLER, M.D., and AUBREY O. HAMPTON, M.D. 
» i BOSTON, MASSACHUSETTS 


hiatus hernia, carried relation between hiatus hernia and bleed- 


Aem . . 
A SIUDY ot 
on at the Massachusetts General Hos- 


pital and covering a period of ten vears, 
has brought out two important points, 
both of which merit greater emphasis than 
they have received in the past. One is that 
hemorrhage may be a symptom of hernia; 
the second, that the incidence of hiatus 
hernia is considerably higher than has been 
appreciated. 

Richard Bright! in 1836 described a 
case of diaphragmatic hernia with ulcer- 
ation. This is probably the earliest report- 
ed case of the kind. The earliest roentgeno- 
logical report with a history of bleeding 1s 
that of Carman and Fineman’ in 1924. 
One of their patients had a chronic anemia, 
while another vomited blood; a third. vom- 
ited blood at least three times following an 
injury which led to a diaphragmatic hernia. 
The authors, however, did not correlate 
tht blood loss in any of the 3 cases with the 
herniation. 

In an excellent article in which he dis- 
‘cusses the etiology of hernia, Akerlund! 
presents %4 cases of his own and reviews 
60 cases from the literature. Ohnell? in a 
second part of this paper points out the 
fact that 2 or 3 of their cases vomited 
blood, or had obvious bleeding on instru- 
mental examination. This is the first. cor- 


ing which we found. 

Bock! in a discussion of one of the Cabot 
case reports in 1929 was the first Amer- 
ican to emphasize the presence of gastro- 
intestinal tract hemorrhage with hiatus 
hernia. He cited 3 cases with occult blood 
in the stools and a secondarv anemia in 
which the only roentgenological findings 
were those of hiatus hernia. In the same 
vear Harrington’ reported 30 cases of hi- 
atus hernia operated upon, 8 of which 
had a definite history of bleeding from the 
gastrointestinal tract without any other 
apparent cause. Seven of these 8 cases 
were found at operation to have either 
erosion or ulceration of the mucosa in the 
herniated portion of the stomach. These 
7 cases were found to be somewhat incar- 
cerated. E 

Mathews and MacFee" presented 2 
cases of proved ulcer in patients with dia- 
phragmatic hernia, 1 of whom vomited 
blood late in the course of disease. 
They point out the fact that hiatus hernia 
mav be the cause of anemia, especially if 
the stool is positive in the guatac test. 
Truesdale!??? in 1932 was able to find only 
17 cases of proved ulceration in diaphrag- 
matic hernia. Weitzen?! in the same year 
presented 2 cases of diaphragmatic hernia 


* From the Department of Radiology, Massachusetts General Hospital, Boston. Presented at the Forty-first Annual Meeting, 


American Roentgen Ray Society, Boston, Mass., Oct. 1—4, 1940. 
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with bleeding, in 1 of which there was an 
apparent thickening and hypertrophy of 
the gastric rugae localized to the herniated 
portion of the stomach. 

Bock, Dulin and Brooke? in 1933 pre- 
sented 10 cases of diaphragmatic hernia 
with secondary anemia. Two came to au- 
topsv. The gastric mucosa in the herniated 
portion was found to show large submu- 
cosal blood vessels with pin-point areas of 
hemorrhage, while that in the non-herni- 
ated portion appeared normal. 

Gardner’ presented 28 cases of diaphrag- 
matic hernia with secondary anemia. Of 
these, « had true peptic ulcer, and in 8 the 
anemia was considered to be due to hernia. 
Gardner attributed the bleeding to venous 
congestion in the herniated portion of the 
stomach as a result of the muscular com- 
pression of the diaphragm. He advised first 
treatment for the secondary anemia in ad- 
dition to a medical ulcer regimen, and if 
this proved unsuccessful, operation later. 

Jones, in an excellent paper on the clin- 
ical symptoms of hiatus hernia, mentions 
that in g1 cases of hernia, 4 cm. or less in 
size but in patients with definite symptoms 
of hernia, 22 had a history of bleeding. He 
found 6 cases of bleeding in 37 similar 
cases with larger herniae. 

Morrison? and Healy" were the first to 
emphasize the relative frequency of non- 
traumatic herniae of the stomach through 
the esopbageal hiatus. In 1925 Healy! 
stated that roentgenological study was the 
best method of diagnosing hiatus hernia 
Schatzki'® stressed the high incidence of 
hernia, especially in older patients. He 
found that in a group of 30 patients, sixty- 
five years of age or older, 14 had demon- 
strable hiatus herniae. By increasing the 
intra-abdominal pressure with air insuf- 
flation of the colon, he was able to show 
similar herniae in 8 additional patients. 
In other words, 73 per cent of a group of 
30 elderly patients were found to have 
demonstrable hiatus herniae. 

In order to determine the incidence of 
hiatus herniae in a group of clinic patients, 
one of the authors recently examined 100 


Otto D. Sahler and Aubrey O. Hampton 


APRIL, 1943 
. 


consecutive patients during a two month 
period. Each patient was examined in both 
the upright and the horizontal positiorfs 
with the esophagus filled with barium, and 
in both the left and right oblique posi- 
tion. In all cases manual compression of the 
epigastrium was used. Nine patients, 6 fe- 
male and 3 male, showed a hernia. The 
average age of the entire group was 43.5 
years while the average age of the 9 pa- 
tients with hernia was 45.3 years, or 
slightly above that of the entire group. 
Most of the 100 patients were examined 
primarily for peptic ulcer and were in a 
fairlv young age group, and it is our be-* 
lief that the incidence of hernia would be, 
even higher in an older age group Even so, 
an incidence of 9 per cent is higher than 
that reported in a recent paper by Beilin,’ 
and other authors, but it must be remem- 
bered that these cases were examined with 
special emphasis on hiatus hernia while the 
reports of other authors are taken from 
their general statistics, that is, they may 
not have looked especially for hiatus her- 
nia. 

Of the 9 patients with hernia in this 
small series, 3 gave a history of having 
vomited small amounts of blood, and 1 of 


the 3 showed roentgen evidence of gas- 
tritis on examination. 
The incidence of hiatus hernia in a 


large clinic cannot be determined accurate- 
ly unless the routine roentgen examination 
Is directed toward this diagnosis; that is, 
unless each patient is examined in the hori- 
zontal position with the esophagus filled 
with barium. Some roentgenologists, nota- 
bly Carty,’ believe that herniae can be dem- 
onstrated in the upright position. Carty 
examines the patient in the upright right 
anterior oblique position at full inspis 
ration and with pressure on the*abdomen. 
In this position the barium will take an 
upward course as it enters the stómach, 
and in some cases only a “flip” of the bari- 
um column may be seen. While many her- 
niae may be seen in the upright position 
we have found that thev are better demon- 
strated in the horizontal position, and also 


A. 


^h 


VoL. 49, No. 4 
* 


‘that many smaller herniae which are 
emissed in the upright position become visi- 
bl@ when the horizontal position is used. In 
the upright position the hernia empties 
rapidly 4nd is drawn out into a shape simi- 
lar to the lower end of the esophagus, so 
that the cardiac sphincter may not be seen 
and the asymmetrical relationship of the 
esophagus to the herniated fundus does 
not occur (Fig. 1 and 2 

Schatzki’s proof that increased intra- 
abdominal pressure makes possible visual- 
ization of hernia previously unseen is 
additional confirmation, we believe, of our 
Contention that the horizontal position is 
preferable to the upright position, because 
changes in intra-abdominal pressure occur 
in shifting from the horizontal to the up- 
right position. 

Jenkinson? in 28 cases of hernia found 
only 2 which were suspected of having her- 
nia when examined in the upright position. 
In 1930, Moore and Kirklin” found that in 

2 out of 32 selected cases which were called 
negative on examination in the upright 
position herniae were demonstrable in the 





Fic. 1. Posteroanterior and both oblique views. A 
tracing of the lower esophagus of a patient with 
a definite history of hiatus hernia, made from spot 
film taken in the upright position. Note in the 
right hand view that the hernia cannot be distin- 
guished from dilatation of the lower esophagus. 

° 5 

prone position. Ákerlund! points out that 

the lesions are most often recognized with 

the patient in the prone or supine position, 

or lying on his right side. He adds that at 

times it may be necessary to apply manual 

compression to the epigastrium 1n order to 

demonstrate the hernia, and this 1s also our 


belief. 
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METHOD OF EXAMINATION AND DIAGNOSIS 


At the Massachusetts General Hospi- 
tal all patients are examined in the prone, 
the supine and the standing position; and, 
in our opinion, many hiatus herniae would 
not be demonstrated if the supine and 
prone examinations were not made. The 





Fic. 2. Notice in the horizontal 


Same as Figure 1. 
position the increase in the size of the hernia. In all 
three views the hernia can be differentiated from 
esophageal dilatation. 


Trendelenburg position is also of value. 


When a patient is examined in the right 
anterior oblique position while supine and 
with the esophagus filled, the narrowing 
produced by the cardiac sphincter i is seen 
above the herniated fundus. The constric- 
tion of the fundus is apparent as it passes 
through the diaphragm, as Is the gastric 
mucosa. If the patient is turned to the 
left anterior oblique position the esopha- 
gus is seen to enter at the right, anterior 
margin of the herniated fundus. This asym- 
metry of the relation of the esophagus with 
the collection of barium above the dia- 
phragm is of considerable importance in 
establishing the diagnosis. The herniated 
portion also presents a dumbbell, or invert- 
ed molar tooth, shape* which is considered 
characteristic of hernia (Fig. 4). Care must 
be taken not to confuse dilatation of the 
lower end of the esophagus during peri- 
stalsis with a hiatus hernia, and if the 
facts just mentioned are kept in mind no 
confusion arises. It is not always possible 
to differentiate between the mucosal folds 


* The term was first used by 


Dr. J. M. Robinson, now in the U. 


"inverted molar tooth shape" 
S. Navy. 
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Fic. 3. Posteroanterior and both oblique views. 


Three different cases of hiatus hernia showing the 
relationship of the esophagus to the herniated 
fundus, and the relation of the diaphragm to the 
stomach. 


Fic. 4. Left anterior oblique view. Note the asym- 
metrical relationship of the esophagus to the her- 
niated fundus, the narrowing of the fundus as it 
passes through the diaphragm. This is a. typical 
inverted molar tooth shape. 
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of the esophagus and the herniated fundug 
of the stomach, and at times it is diffi» 
cult to localize the cardiac sphincter. Ih a 
rare case, the actual hernial sac may be 
seen in the lower mediastinum 8s a soft bu 
tissue mass, fusiform in shape and smooth 
in outline. The usual differential diagnosis 





FiG. $. A patient with a large hiatus hernia and a 
definite ulcer in the herniated portion of the stom- 
ach. Note the large ulcer in the herniated fundus 
and the soft tissue mass in the lower chest, due to 
the hernial sac. The presence of a soft tissue mass 
in this position should suggest the presence of a 


hiatus hernia. 
& 


of such a mass lies between metastatic or 
primary tumor and abscess; and the fact 
that hiatus hernia may cause a s'milàr 
shadow is important. The diagfosis can be 
confirmed easily by a swallow of, barium 
(Fig. 5). 


STATISTICAL DATA 


Between 1930 and 1940, 221 cases of hi- 
atus hernia were reported in the Depart- 
ment of Radiologv of the Massachusetts 


; VoL..49, No. 4 
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General Hospital. This figure does not rep- 
resent the total number of patients with 
hitus hernia who had studies of the upper 
gastrointestinal tract, for in many cases 
the herm*ae were not recorded because the 
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hernia were found in a period of less than 
two months. When one further considers 
that this series was compiled by one of the 
three regular roentgenoscopists in one divi- 
sion of the hospital it becomes evident that 


° TABLE I 


GROUP I— PATIENTS WITH POSITIVE HISTORY OF UPPER GASTROINTESTINAL TRACT BLEEDING 



















































































| | Sex - | Hemo- | Eryth- 
Case Age [mmr SS | globin | rocyte Other Findings 
IMI F enum ‘Per Cent) Count 
K.C. 62 | x | $ stomach | 65 3.68 Hernial opening small, but emptied 
readily 
M.K. 47 x | Small ? : None 
LC 38 X Small | 70 "E None 
JO. 43 X Large 61 ET Localized gastritis in herniated portion. 
á | No ulceration 
E.O. 55 x | Small | ? ? Traction diverticulum of the esophagus 
W.M. 65 X 6 X4 cm. 90 5.2 Duodenal diverticulum. Sulfapyridine for 
| pneumonia 
W.R. 69 X Small 6c ái. Healing ulcer in upper body of stomach 
by gastroscopy 
W.D. 69 x ; Small 65 2.25 Questionable gastritis while bleeding 
AH: 46 | x | 6 cm. | jq E02 Small diverticulum of second portion of 
| duodenum 
A.B. | 63 x | Entire fundus 70 3.81 Hernia did not reduce 
A.M. | 68 | x | Som, 70 3.85 Questionable ulcer in hernia by roentgen 
| examination. Inflammatory stenosis of 
| esophagus by gastroscopy 
M.W. 55 x | 4cm. 42 1.23 | Redness of mucosa around cardia by 
| gastroscopy 
M.P. 71 x | 8cm ? ? Diverticula of colon and esophagus. 
Given sulfapyridine. Ulcer in herniated 
| | portion at postmortem 
C.M. ey | 3j 4 cm. 60 2.8 Gastritis in hernia by roentgen examina- 
| tion and gastroscopy 
E.G. 71 | € | X35 70 3.96 None e 
A.P. 50 x } stomach | (5$ d d Swelling of folds in prepyloric area. 
| | | Gastritis? 
M.H. 50 | x | Small 85 3.85 Gastritis on upper greater curvature with 
| | | bleeding By gastroscopy 
A.M. | 60 X , Small |, 8o à Hypertrophic gastritis high on postegor 
" | | | wall by gastroscopy 
TG. 55 X | Large | 3$ 3.4 | None 
elotal | 19 | 8 |n | 
i : bin —-— - _ 
examiner did not always regard them of the total of 221 reported cases in ten years 


sufficiet significance in the particular 
case under question. 

As further evidence that these 221 cases 
are not the exact number seen in a period 
of ten years is the fact that in 100 patients 


examined bv one of the authors, 9 cases of 


is far too small a figure. 

An analysis was made of the 221 cases 
with special attention given to the inci- 
dence of bleeding. This group included pa- 


etients whose hernia was associated with 


cancer or ulcer of the stomach; but, where 
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TABLE Il 


GROUP 2—PATIENTS WITH POSITIVE HISTORY OF GASTROINTESTINAL TRACT BLEEDING WITHOUT 
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——— —— = ——$——— ———— ——— —— — -— ——— == — SS a — e 
Sex » Hemo- | Eryth- 
Case Age Size globin | rocyte Other Findings 
M |F Hernia Percent | Count 
Bb 53 x | 4cm. 65 3.99 Gastritis in hernia. Diverticula of colon 
and duodenum 
HA. 62 X Small 8 gram | 2.92 Sigmoid diverticula 
NA. 82 X ? 66 | 2.9 Question of polyps on barium enema 
J.v.M. 60 X Large 38 2.9 None 
TR. 64 x | 4 stomach egram | 3.9 None 
H.U. 66 | x | Moderate 50 2.96 None 
C. B 50 x | Jem: 80 4.0 Question of duodenal ulcer 
LE 74 X Small 70 | 2 None 
C.M. 63 X ) stomach 58 3.9 Large ulcer in herniated portion of storg- 
| ach. This decreased in size with treat- 
| ment 
Total 9 | EES ° 





such obvious cause for bleeding existed 
they were excluded from the number whose 
hemorrhage was considered as due to her- 
nia. On the other hand, cases of hernia 
with other gastrointestinal tract pathol- 
ogy, such as diverticula, a rather infre- 
quent cause of hemorrhage, are included 
in the group with bleeding due to hernia. 
Our material for study can be divided into 
three broad groups: 

1. Patients with a positive history of 
hematemesis. This group contains only 
those with relatively high gastrointestinal 
tract hemorrhage, and is by far the most 
important (Table 1). 

2. The remaining patients with gastro- 
intestinal tract hemorrhage, without hema- 








temesis. Included in this group are all those 
with tarry stools and guaiac positive stools. 
Bleeding in a certain number of these is 
probably due to polyp or other pathology 
which was not diagnosed despite repeated 
barium enemas (Table 11). 

3. Patients exhibiting anemia of some 
severity without a positive history of gas- 
trointestinal tract bleeding and in whom no 
other cause for amenia except hernia was 
recognized (Table 11). 

Nineteen patients fell into Group 1; 11 fe- 
males and 8 males (Table 1). The ages of 
the patients range between thirty-eight and 
seventy-one years, with an average age of 
fifty-seven years. The roentgen report gives 
the size of the hernia as “small”? in 7 pa- 


















































Taste III * 
GROUP 3—PATIENTS WITH NO HISTORY OF GASTROINTESTINAL BLEEDING 
—— a = == s mo = - c—H > — — = - — = 
| Sex | g; Hemo- | Eryth- © © 
Case Age ae H v globin | rocyte Other Findingg 
|MIFE | oon Percent | Count 
m OW Po V. E. ar m 2 
E.A. pi x | 4 stomach 60 3.62 None 
E.M. 67 | x | Moderate 65 5,95 Vomiting without blood 
LE, 62 |, x | Entire fundus | $o 3. Esophageal diverticulum 
S.P. 69 x | $ stomach 45 2.5 Did not reduce in upright position 
--— d 2 Sm - = SDN "eon s = 
Total å | 4 | 
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Vtients; as "at least 4 cm. in diameter” in 7, 
e while the actual measurement of the hernia 
is*not noted in 5$. It was, however, appar- 
ently large in this last 5, the size being from 
one-quarter of the stomach to the entire 
fundus. 
* [n 1o of the 1g cases there was evidence 
of either gastritis or ulceration, as deter- 
mined by roentgenography, gastroscopy or 
postmortem examination. It is hard to 
gather from the gastroscopic report wheth- 
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Fic. 6. Spot film of Figure 5 showing 


the ulcer crater. 
LJ 


er the ulceration and gastritis were actual- 
lv in the herniated portion of the stomach, 
Sut «where a definite location is given 1t 1s 
always high in the stomach in a position 
where the hernia would exist. One patient 
developed pneumonia while in the hospital. 
She was given sulfapyridine, and subse- 
quently developed hematemesis. Postmor- 
tem examination of this patient showed the 
upper 8 cm. of the stomach to lie in a her- 
niated sac, and an ulcer, measuring 1.5 by 
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Fic. 7. Patient C. M. (Table 11). Note the large pcol 
of barium above the diaphragm. This represented 
the actual ulcer crater. 


o.5 long bv 1 mm. deep, was found on the 
anterior wall 4 cm. from the cardiac orifice. 

Two of the patients had esophageal di- 
verticula, and in 3 there were duodenal 
diverticula. One patient showed an inflam- 
matorv stenosis of the esophagus by esoph- 
agoscopy and a questionable ulcer in the 
hernia by roentgenography. In 4 patients 
hernia was the only gastrointestinal tract 





Fic. 8. 


Spot film of the ulcer crater in Figure 7. 
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pathology noted. We believe the frequent 
incidence of gastritis and ulceration high 
on the stomach wall to be very significant 
(see Fig. 5,6, 7 and 8). 

In Group 2 (Table 11) there are 5 male 
and 4 female patients, whose ages vary 
from fifty to eighty-two vears, with an av- 
erage age of sixty-four vears. In 2 patients, 
the size of the hernia was small; in 5, 1t var- 
ied from 3 cm. in diameter to half the size 
of the stomach; in 1, the size is not noted. 
Patient E.L. showed a definite gastritis in 
the herniated portion of the stomach roent- 
genologically. Patient C. M. had a large ul- 
cer in the herniated portion of the stomach, 
which responded well to dietary treatment 
(Fig. 7 and 8). Patient N.C. showed ques- 
tionable poly p of the colon, and patient C.B. 
questionable ulcer in the duodenum. Pa- 
tient H.C. had, in addition to the hernia, 
diverticula of the sigmoid. Four patients in 
Group 2 showed hiatus hernia only. 

Group 3 (Table 111) was made up of 4 fe- 
males. The hernia in all 4 was fairly large. 
One patient had a history of vomiting, but 
the vomitus at no time was seen to con- 
tain blood. Patient I. T., who had a very 
poor dietary history, had a diverticulum of 
the esophagus. The fourth patient had di- 
verticulitis seven years after the hiatus 
hernia was found. 

DISCUSSION 

[n a series of 221 cases of hiatus hernia, 
32 had either moderately marked anemia 
or a positive history of gastrointestinal 
tract bleeding. We beliewe that the high in- 
cidence of gastrointestinal tract bleeding 
associated with hiatus hernia is evidence 
that the hernia may produce bleeding. In 
several cases active bleeding was noted at 
the gastroscopic examination. We obvi- 
ously have no proof that all of the 32 
cases actually bled in the herniated fun- 
dus and we do not mean to convey the im- 
pression that the incidence of bleeding 
from hiatus hernia is 15 per cent, as might 
be assumed from our data. Bleeding when 
present (particularly hematemesis) may be* 
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due to the hernia, and it may be produced ¢ 
by congestion of the blood vessels in the. 
herniated portion of the stomach with a œ- 

sultant change in the mucosa, and gastri- 

tis or ulceration. This theory 1s berne out 
by the fact that 10 of 19 cases with hema- 
temesis showed changes in the upper stom-* 
ach— changes proved by roentgen, gastro- 
scopic or postmortem examination. We be- 
lieve also that there is always some mucosal 
disturbance in cases of hiatus hernia which 
bleed. Benedict? has stated that the cases 
of hiatus hernia with bleeding which he has 
observed gastroscopically have shown gas- 
tritis and that he considers the bleeding due 
to the gastritis. 

In those cases where there was no posi- 
tive history of bleeding the anemia máy be 
explained on a dietary basis, or there may 
have been slight blood loss which was not 
detected. 

SUMMARY AND CONCLUSIONS 

1. The diagnosis of hiatus hernia 1s de- 
pendent on two roentgenologic points: one, 
an asymmetrical relationship between the 
lower end of the esophagus and the herni- 
ated fundus of the stomach; and the other 
a narrowing of the fundus where it passes 
through the diaphragm. 

2. A soft tissue mass in the lower medi- 
astinum should suggest the possibility of 
hiatus hernia as well as the usual differen- 
oni diagnosis of tumor or abscess. 

The incidence of hiatus hernia is much 
higher than is generally recognized. 

4. Hiatus hernia may be the cause of 
bleeding. 

5. Bleeding caused by hiatus hernja is 
probably due to constriction of the hernial 
ring with resultant gastritis and ulceration 
of the herniated fundus. If neither gast- 
tis nor ulceration is present the lesion will 
not cause bleeding. 
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"e purpose of this paper is to point 
out the relatively frequent occurrence 
of gastrointestinal tract bleeding in the pres- 
ence of intramural submucosal tumors of 
the stomach, and to emphasize their differ- 
ential diagnosis. 

The term "extramucosal tumors of the 
stomach” is a very broad, all-encompassing 
one, including a large variety of histopatho- 
logically different tumors. Among the ex- 
tramucosal tumors of the stomach are 
leiomvoma, leiomyosarcoma, fibroma, fi- 
brosarcoma, neuroma, neurosarcoma, lym- 
phoma, hemangioma, lymphangioma and 
aberrant pancreatic tissue. In the present 
discussion we are primarily interested in 
the tumors of nerve, muscle and fibrous 
tissue origin, in both their benign and ma- 
lignant forms. 

REVIEW OF LITERATURE 

Campbell? in 1915 collected 40 cases of 
benign tumors of the stomach, most of 
which proved to show areas of either fi- 
brosarcomatous or myosarcomatous degen- 
eration. He states that fibromata may show 
a punched-out ulcer. Basch! credits Mor- 
gagni with having described in 1762 the first 
myoma of the stomach. In 1919 Holmes? 
described 3 cases of pedunculated tumor 
of the stomach. Two of «hese cases were fi- 
brosarcoma and are included in the present 
report. The third case was a lymphan- 
gio-endothelioma, and is not included in 
the present series. Holmes emphasized the 
fact that in these cases the peristaltic waves 
passed over the involved area of the stom- 
ach without evidence of break such as 1s 
seen in lesions which involve the gastric 
wall. 

Moore, in an excellent paper, discusses 
in some detail the roentgenological diag- 


nosis of benign tumors of the stomach. Hee 
states: (1) Benign tumors produce a filling 

defect which is circumscribed and punched 

out in appearance. (2) The filling defect 

is usually on the gastric wall leaving the 

curvature regular and pliant. (3) While 

the rugae are obliterated in the immediate 

area of the tumor, as in inflammatory and 

malignant lesions, the rugae surrounding 
a benign tumor are more nearly normal in 

their arrangement and distribution. (4) 

They cause little or no disturbance in peris- 

talsis and retention is uncommon except 

when the lesion is at or very near the 

pylorus. (5) They do not reveal a niche, nor 

is there any incisura or other evidence of 

spasm. (6) They are rarely sufficiently large 

to be palpated. 

Minnes and Geschickter! in a review of 
the literature were able to collect 341 cases 
of leiomyoma, 102 cases of neurofibroma, 
42 cases of fibroma, 32 cases of lipoma, 
1 osteoma, 1 osteochondroma, 3 myomata, 
and 3 pancreatic arrests in the stomach. In 
addition, they presented 5o cases of their 
Own. 

Odqvist? described a case of a gastric 
neurinoma in which the chief clinical sign 
was hemorrhage. Roentgen examination 
of the patient showed the presence of a well 
circumscribed tumor of a benign type 
with a stamped out niche. Odqvist be- 
lieves that the niche formation in gastric 
neurinoma is generally produced by nec- 
rosis and loss of a central area of the tumor 
into the lumen of the stomach. ws 

Senturia? emphasizes that hentorrhage is 
a common clinical finding in gastric neu- 
rinoma. He reports a case with an oval to 
round, smoothly outlined defect with an 
"en face niche." 

The roentgenological diagnosis of these 


* From the Department of Radiology, Massachusetts General Hospital, Boston. Presented at the Forty-first Annual Meeting, 


American Roentgen Ray Society, Boston, Mass., Oct. 1-4, 1940. 
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extramucosal intramural tumors of the 
stomach is dependent on the presence of 
à space-occupving, smooth or lobulated, 
partially pedunculated, usuallv sessile mass 
projecting into the lumen of the the stom- 
ach from its wall (Fig. 1). The tumor, if 
viewed in profile, appears as extrinsic but 
is freely movable with the stomach. The 
mucosal pattern of the stomach as a whole 
is normal. The mucosa adjacent to the 
tumor is pliable. 

The mucosa over the tumor appears 
smooth and without its normal folds (Fig. 
3, Zand B). In contrast to an extrinsic pres- 
sure defect the defect produced by the 
tumor forms a definite abrupt angle with 
the uninvolved wall of the stomach. This 
angle is usually obtuse but mav be acute. 
In the rare cases in which the tumor pro- 
trudes like a polyp into the gastric lumen 
an acute angle is seen.’ If viewed en face 
the barium shadow at the obtuse margin 
fades out gradually; that is, the tumor is 
not sharply defined, but at other points 


the tumor edge may be quite sharp. The 


pseudopedunculated appearance of part 
of the margins is probably due to traction 
on the gastric wall (Fig. 1). An ulcer may 
or may not be present, but when present is 
helpful in making the diagnosis (Fig. 4). 
Such an ulcer is usually deep and smooth, 
the depth as a rule being as great as the 
width (Fig. 5, Æ and B). There is, however, 
no tendency toward spasm or incisura on 
the opposite gastric wall The ulceration in 





FiG. 1. Note the obtuse angle between stomach and 
tumor (arrow). There is a smooth defect as if £ 
mass were pressing in from the outside. 
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Fic. 2. There is a large space-occupying mass in the 
stomach. Note that it is coarsely lobulated and 
that there is relatively normal mucosa above and 
below the tumor with smooth mucosa in the region 
of the tumor. 





carcinoma and the pseudo-ulceration in 
pancreatic arrests are nearly always in the 
center of the lesion, in contrast to the 
irregularly placed ulcerations of intramural 
tumors. 

Roentgenologically these tumors must be 
differentiated from cancer and benign 
polyps. They can usually be differentiated 
from cancer by the relative normality of 
the adjacent mucosa. Other differential 
guides are the sharpness and the smooth- 
ness of outline, apd the angle formed at the 
gastric wall junction. At times, however, 
it is impossible to differentiate the*two 
tvpes of tumor as was shown in a recent 
case which roentgenologically was diag- 
nosed as either carcinoma or lymphoma, 
but which proved to be a necrotic, widely 
ulcerated fibrosarcoma (Fig. 6, 4 and B). 

The most common finding which dis- 
tinguishes these tumors from polyps is that 
they are usually sessile, whereas polyps 
are often pedunculated. An additional di- 
agnostic point is the presence of ulceration 
of the deep type and the relatively smooth 
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contour of these tumors contrasted with 
the more lobulated appearance of polyps. 

Occasionally a pancreatic arrest in the 
stomach makes absolute differential di- 
nosis impossible, since these arrests lie in 
the gastric wall, and the duct opening from 
the arrest may closely simulate the ulcer- 
ation of an intramucosal tumor. Pancre- 
atic arrests, however, do not bleed, so the 
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General Hospital.* Twenty-one of the 24 
patients have had fairly adequate roentgen 
examinations. 

A review of the available c/inica/ data 
shows the following: " 

i. Seventeen patients had symptoms of 
gastric distress, varying from gas and 
eructation to true abdominal pain similar 
to ulcer pain, and even including a sen- 





Fic. 3. Case xxu. 4, leiomyoma. Note the broad attachment at the lesser curvature and the smooth surface 
of the tumor. B, photograph of the tumor. The mucosa over the tumor is smooth. There is hypertrophy 


of the antrum. 


presence of bleeding would favor the di- 
agnosis of other submucosal tumors (Fig. 
7). 

Gastroscopy is of value in diagnosing 
submucosal tumors, but its value is depend- 
ent upon ghe ability of the gastroscopist. 
In our own experience the gastroscopist 
missed the lesion entirely in his first case, 
while in the last he diagaosed it correctly 
in the face of acontrary roentgen diagnosis. 

The gastroscopic findings are those of a 
tumor covered by smooth, rather atrophic 
mucosa, which mav ulceration in 
one or possibly more areas. The ulceration 
is, however, relatively small in comparison 
with the total size of the tumor and the 
mucosa bevond the actual area of ulcer- 
ation, but overlying the tumor, shows no 
evidence of infiltration. 

[n the past twenty-seven years 24 intra- 
mural tumors of the stomach have been 
removed surgically at the Massachusetts 


show 


sation of “a ball bouncing around in the 
stomach." 

2. Twelve patients gave a positive his- 
tory of vomiting. 

3. Bleeding from the gastrointestinal 
tract was experienced by 16 patients. (There 
is one additional case of presumptive bleed- 
ing, the patient having been admitted to 
the hospital because of very severe anemia, 
the red blood count having dropped from 
3,200,000 to 2,000,000 in three weeks. 
Though no definite statement on hema- 
temesis or tarry stools is made, further 
confirmative evidence of such bleeding is* 
found in the fact that the tumor showed 
marked ulceration, and that after operation 
the anemia, which had failed to respond 
to vigorous preoperative therapy, cleared 
promptly.) Of these 16 cases, 7 had a 


* A number of these cases have been published in the New 
England Journal of Medicine as "Case Reports from the Massa- 
chusetts General Hospital." 
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history of hematemesis and 10 passed oc- 
cult blood in the stool. One patient had a 
fualiac positive gastric analysis. 

4. In 3 patients a definite mass was palpa- 
ble inethe epigastrium. 

5. Weight loss was noted in 7 patients. 

The following reports represent rather 
tv pical Cases. 


CASE REPORTS 


Case xxi! (Fig. 3, £ and B). R. B., white fe- 
male, aged fifty-four, was admitted to the hos- 
pital on May 21, 1940, with the chief complaint 
of weakness and gas on the stomach for ten 
weeks. She had a history of nausea and vomit- 
ing for twenty-four years associated with a 
smothering feeling in the epigastrium. For six 
mohths she had noted weakness, vertigo, and 
tarry stools. Ten weeks before admission she 
fainted while going to the bathroom. Following 
this she passed a large black stool which was 
guaiac positive. Roentgen examination at an- 
other hospital was said to show a gastric ulcer 
on the posterior wall. 

On physical examination the patient was ob- 
viously anemic. The red count was 4,630,000 
and hemoglobin was $5 per cent. 

Roentgen examination showed a large oval, 
smooth, slightly lobulated mass in the body of 
the stomach, over and around which the barium 
passed before it entered the antrum of the 
stomach. The mass measured 12 by 8 bv 8 cm. 
It was slightly movable and was attached to 
the lesser curvature by a broad base. The 
pedicle measured at least § cm. in width, the 
upper border being 1 inch inferior to the cardiac 
orifice. 

The gastroscopic report is as follows: In the 
body of the stomach anterior to the gastro- 
scope and somewhat below it as it lay against 
tHe posterior wall there was a rounded, slightly 
nodular mass covered by smooth, normal ap- 
pearing mucosa. The entire tumor could not be 
well visualized, and although the area of the 
greater cyrvature was somewhat obscured by 
retained secretion the impression was that of a 
non-udcerated tumor lying below the mucous 
membrane and presumably attached along the 
anterior wall and lesser curvature. 

At operation the stomach contained a large, 
freely movable, firm to hard, irregular mass 
which appeared to measure about 6 by 4 inches 
This was in the fundal portion of the stomach 
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ic. 4. Note the sharply punched-out ulcer in the 
tumor and the absence of mucosal infiltration 
above the tumor. (Courtesy of R. G. Vance, M.D.) 


close up to the cardia. A total gastrectomy was 
done. 

The pathological report is as follows: The 
specimen is a subtotally resected stomach 
measuring 12 cm. along the lesser curvature and 
25 cm. along the greater curvature. The 
serosa is salmon-pink, smooth and glistening 
throughout. The wall of the pylorus is markedly 
thickened, apparently due to hypertrophy of 
the muscularis, which measures 1 cm. in thick- 
ness. The mucosa is bright pink with a few 
small dark red areas scattered throughout. The 
rugae are not prominent. There Is no visible 
ulceration. Originating in the superior resected 
border and lying in the lumen of the stomach 1s 
a large, firm, pedunculated mass, measuring 
10 by 7 by 6 cm. The overlying mucosa is not 
akerat, and the pedicle is small compared to 
the size of the mass. On section it 1s firm, and 
the cut surface presents a grayish-yellow ap- 
pearance with numerous irregularly scattered 
dark red, apparently hemorrhagic areas. Histo- 
logical examination showed the tumor to be a 
leiomyoma. 


Case XXi (Fig. 5, 7 and B). E. F. L., white 
female, aged fiftv, was admitted to the hospital 
with the chief complaint of a massive hemate- 
mesis six weeks before admission. The patient 
had felt faint upon arising one morning and 
went to the bathroom, at which time she 
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vomited about 1 pint of blood. She had no re- 
currence of hematemesis but felt fatigued. 
Roentgen examination showed a mass 7.5 by 
7.5 cm. arising from a broad base on the lesser 
curvature and posterior wall of the fundus of 
the stomach. The base of the tumor lay just 
posterior to the cardia. The surface of the mass 
was rather smooth although there was slight 
lobulation present. One deep, crater-like de- 
pression was seen in the lateral portion of the 
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edly atrophic with blood vessels clearly visible 


shining through. The findings were those of e 
benign submucosal tumor with atrophy of 


gastric mucosa. The tumor appeared to extend 
to within about 1 cm. of the cardia, but slid not 
involve the cardia. 


The patient was operated upon and a fundu- e 


sectomy was done. The pathological report is as 
follows: The specimen is a segment of stomach 
measuring 10 by 7 cm. At one edge of the speci- 





Fic. 5. Case xxii. Æ, leiomyosarcoma. Note the ulcer which is as deep as it is broad. B, spot film of ulcer. 


mass. In changing from the horizontal to the 
upright position the mass showed onlv a slight 
shift in its position within the stomach. The 
remainder of the stomach presented no patho- 
logic change. The findings were interpreted as 
those of a tumor in the area described with a 
deep ulceration. Although several features were 
a little unusual the reentgen®scopist considered 
a legmyoma or a similar tumor as the most 
probable diagnosis, and carcinoma less likely. 
The gastroscopic report was as follows: In 
the upper part of the body of the stomach in the 
five o'clock position there was a smooth, 
rounded submucosal tumor of an elongated 
shape, appearing to be approximately 5 by 7 cm. 
in width and elevated above the surrounding 
mucosa by about 1 to 1.5 cm. There was no 
visible break in the mucosa overlying this 
tumor. Near its base the rugae started to pass 
over the tumor but were gradually flattened out. 
The mucosa surrounding the lesion was mark- 


men is a round, firm, lobulated, red-pink 
smooth mass covered by mucosa and measuring 
6.5 cm. in diameter. It projects 2.2 cm. above 
the mucosal surface of the stomach. The center 
of this mass contains a round, punched-out, 
gray-pink, irregular ulceration 1.6 cm. in diam- 
eter and o.5 cm. in depth. Just proximal to 
this ulcer is a small round, punched-out similar 
depression 4 cm. in width. There is normal ap- 
pearing gastric mucosa on either side of ds 
mass measuring 4 cm. on one side and § cm. on 


the other. This intramucosal mass extends 


through the wall as an extrinsic soft, ovéid, ° 


lobulated, smooth surfaced, dark-9ed mass 
measuring 5.5 by 6.5 by 4.5 cm. On section this 
contains a cyst filled with old blood, meaSuring 
3 cm. in diameter, surrounded by a soft, necrot- 
ic, gray-red rim of tissue measuring up to I cm. 
in thickness. The tumor is slowly growing but 


has a fair number of mitoses. It is a neurogenic 


fibrosarcoma. 
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Fic. 6. 4, a fibrosarcoma with the appearance of a carcinoma. Note the apparent mucosal infiltration and 
the large irregular ulcer crater. B, the margin of the irregular ulceration is unusually broad (arrows). 
Note the relative absence of normal mucosa and the ragged ulcer crater. This case was roentgenologically 
classified as a carcinoma. Gastroscopically, the tumor was thought to be extramucosal. 


ROENTGEN FINDINGS 


[n some of the cases the roentgen reports 
are very brief, while in others fairly full 
descriptions of the findings are given. Of 
the 21 cases adequately examined roent- 
genologicallv, 20 showed a definite filling 
defect, which was described as "round" in 
7 cases, "smooth" in 9, and “lobulated” 
in 3. The examiner noted that the outline 
was "sharp" in 4 instances, and in g intra- 
luminal projection was definitely. noted. 
Nine cases showed ulceration. In 1 patient 
the tumor was not found roentgenolog- 
icallv, despite repeated review of the films 
pre- and postoperatively. At operation for 
echolecystitis a small tumor was palpated 
in the region of the fundus and removed. 

Two cases of ectopic pancreas were also 
seen. *Both of thsese showed a definite 
smooth defect in the stomach, the defect 
being rounded but in the center there was 
a smooth dimple. In neither case was there 
the history of bleeding one would expect,e 
since the dimple did not represent an ul- 


cer crater but the lumen of the duct for 
the aberrant pancreatic tissue. 

An analvsis of the position of the lesion 
showed: 


Cases 
Anterios Wallez.22xbrer aeos d 4 
Posterior wall. 2zaascrx xs dees . ^ 
Lesser Curvature... ends seri 8 
Gredter CUrvabule. .iiooae na 5 
Not stated. cur cuzsarkcreA QE. f 
Upper third stomach... 222 7 
Middle third stomach.............. 6 
Lower thitd storgach. osos II 
CLINICAL FINDINGS e 


Of a total of 24 cases of intramural sub- 
mucosal tumors of the stomach 16 had a 
positive history of gastrointestinal tract 
bleeding and 1 additional case had a pre- 
sumptive diagnosis of bleeding. One other 
case in which ‘‘questionably tarry stools” 
is noted, was not included in this group. 
[t becomes apparent that gastrointestinal 
bleeding is one of the most common symp- 
toms in these cases since it occurred in 
66.6 per cent of the patients. The only clin- 





Fic. 7. Aberrant pancreas. Note the intramural de- 
fect. Arrow indicates the dimple at the site of the 
duct. 


ical symptom of greater frequency was epi- 
gastric distress, but as this distress varied 
so greatly from patient to patient, from 
mere "gas" or “belching” to "severe pain" 
bleeding must be considered the most con- 
stant symptom. Bleeding is all the more 
significant when one considers that in 2 of 
the cases bleeding was mentioned as the 
only symptom. Analvsie of the type of 
bleeding shows that in 7 there was definite 
hematemesis; in 1, the gastric contents 
was gualac positive; and in 10, the stools 
were either markedly tarry or guaiac posi- 
tive. In several of the patients there was a 
combination of these signs. 


PATHOLOGICAL FINDINGS 


Of the 16 cases with a history of bleed- 
ing, pathological examination of the surgi- 
cal specimen showed g with definite ulcer- 
ation in the tumor; 5 with no ulceration; 
and in 2, ulceration is not mentioned. 
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Of the 8 cases in which there appeared to 
have been no bleeding, 1 showed ulceration 
and 7 showed no ulceration. The path- 
logical diagnoses in the entire group of 


24 cases* were: ° 
Cases 
TE A LELE T, ENTER ET 8 
Leiomyosarcoms. «cera iren 6 
Neurofibrosarcoma............ 4 
Neurohbroma ; ..<4..02.6c0ssa 2 
SACOM i nec ctawse eee sice sas 2 
PibrOSarcOMa.. ...... rone 2 
PIDIOBMÉ. La ui a kx» wen I 
PROGNOSIS 


Of the 24 cases which were operated upon 
2 died immediately postoperatively, 1 hav- 
ing had a severe anemia, and the other 
developing sepsis. 

In 3 patients the tumor recurred; 1, a 
neurofibrosarcoma, with recurrence after 
six years, died of peritonitis after an oper- 
ation for recurrence; 1, a sarcoma, recurred 
after four years; and the third, a fibro- 
sarcoma, recurred after two and a half vears. 

The follow-up of these patients is not 
complete, but it is known that 1 patient 
lived for twentv-five vears, 1, for nine 
vears, | for seven years, and 6 for atleast two 
vears. Five patients have been operated on 
within the last two vears. One patient died 
of intercurrent disease; 4 cannot be traced. 


SUMMARY AND CONCLUSIONS 


I. A smooth mass, round or ovoid, usual- 
ly sessile, in the wall of the stomach should 
suggest an extramucosal tumor. When view- 
ed in profile, at first glance these tumors 
may appear to be extrinsic, but in contrast 
to extrinsic pressure defects the unin- 
volved wall of the stomach forms an abrupt 


angle with the tumor defect. This angle. 


may or may not be obtuse, but i$ is acute 
onlv in the rare cases in which the tumor 
protrudes like a sessile polyp into thestom- 
ach. The filling defect moves with the stom- 
ach and there is very little alteration in 
peristalsis. 

2. Ulceration, which is relatively deep, 


* One case had two different types of tumor, 


J, 


Vo 
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* . . . 
smooth, and small in comparison with the 


e size of the tumor, is common and should 
sdggest the diagnosis. 


stant semptom in extramucosal tumors of 


3. Bleeding is the most common, con- 


the stomach. 


wr 
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SECONDARY LYMPHOSARCOMA OF THE STOMACH "' 
By FRANZ BUSCHKE, M.D., and SIMEON T. CANTRIL, M.D. " : 
From the Tumor Institute of the Swedish Hospital uu 
SEATTLE, WASHINGTON " pn 


T IS the purpose of this report to call 

attention to a certain type of lympho- 
sarcoma of the stomach secondary to a 
known focus of lymphosarcoma in some 
distant part of the body outside of the 
abdominal lymphatic area and character- 
ized bv a roentgen appearance suggestive 
of a solitary malignant lesion of the stom- 
ach. This tvpe of lesion is probably more 
common than is generally recognized. 

The most common site of primary local- 
ized lymphosarcoma is the lymphoid tis- 
sue of the pharynx, stomach, ileum and 
cecum, and possibly in some lymph nodes 
themselves. It is a well known fact that 
secondary deposits from lymphosarcomas 
of the pharynx in their late stages tend to 
involve the abdominal lymph nodes. With 
the clinical picture of a general abdominal 
distress, the palpatory findings of ab- 
dominal masses and the knowledge of a 
previously treated lymphosarcoma in the 
pharynx, one may easily overlook the 
lesion in the stomach itself if roentgen 
examination of the stomach is not per- 
formed as a routine procedure. One may 
argue that this omission is of little signifi- 
cance singe these cases are hopeless any- 
way. Their occasional importance, how- 
ever, lies in the possibility of taking sucha 
solitary malignant lesionseen in the roent- 
genogram for a primary carcinoma or a 
primary lymphosarcoma of the stomach if 
the primary lesion has been treated some 
time ago and the new examiner 1s not in- 
formed as to the previous presence of such 
a lesion or if the primary lesion has been 
overlooked. After successful treatment of 
a lymphosarcoma of the pharynx no trace 
of tumor or lymph nodes will be found in 
this original focus of the disease. The as- 
sumption of a primary lymphosarcoma of 
the stomach in such a case would render a 
slightly more hopeful prognosis since 


definite cases of primary lymphosarcoma e 
of the stomach cured by irradiation or 
surgery are on record (Taylor*). Further- 
more it seems that occasionally even in 
cases of a secondary lymphosarcoma of the 
stomach a cure or long intervals of good 
health may be obtained by radiation ther- 
apv. This seems to be a possible interpre- 
tation of the case reported by Schindler. 
which will be reviewed presently. It seems, : 
therefore, that the knowledge of this 
clinical picture which forms a fairly char- 
acteristic entity is not entirely of aca- 
demic pathologic interest. 


Case 1. Our own case observed here recently 
was that of a white male patient, O. M. S., aged 
fifty-seven. This patient was admitted on May 
29, 1940. Seven weeks prior to that time he 
noticed the sensation of a foreign body in the 
roof of the mouth and shortly afterward a lump 
under the right jaw. Three weeks prior to ad- " 
mission he consulted his local physician. who 
took a biopsy which showed lymphosarcoma. 
On admission here we found a large necrotic tu- 
mor mass occupying the region of the right tonsil 
with a necrotic ulceration (Fig. 1) The tumor 
bulged across the midline of the nasopharynx 
and there was a nodular infiltration of the soft 
palate with ulceration. Nasopharynx and lateral 
nasopharyngeal wall were clear. There was a 
nodularity with ulceration on the posterior sur- 
face of the soft palate and a nodular extension of 
the tumor into the hypopharynx along the 
posterior pillar down to the level of *he 
epiglottis. There was a lymph node 3 cm. in 
diameter under the right mandible anterior to * 
the sternocleidomastoid muscle. This node,was 
fairly firm and slightly tender. Antegior to this 
there was a smaller lymph node; both nodes . 
were movable. . 

This patient received roentgen therapy from 
May 29 to July 6, 1940: 6,975 r (measured on 4 
the skin) in thirty-nine days with 800 kv. 
radiation to one right lateral field which in- ` 

* cluded the right lateral nasopharynx, tonsil, 

hypopharynx and regional lymphatic area. 
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Fic. 3. Case 1. Secondary lymphosarcoma of stomach. Gastroscopic appearance. 
A, before treatment; B, after roentgen therapy. 


nodules. The entire area was estimated as meas- 
uring 4 to 5 cm. in diameter (Fig. 34). The pa- 
tient then received 2,850 r (measured on the 
skin) in twenty-seven days with 200 kv. over a 
left upper abdominal field. Roentgenoscopy on 
September 16, 1941, five davs after the end of 
this treatment, showed practically a normal 
stomach (Fig. 28). Gastroscopy toward the 
end of treatment on September 9, 1941, showed 
practically normal mucosa (Fig. 35). There was 
only a slight depression at the former area of 
ulceration which was covered with a smooth 
mucosa and was limited bv a somewhat raised 
ridge. This would not be recognizable if one had 
not known that at this place a lesion had been 
previously present. This patient returned home 
in a hopeless condition due to progression of 
the general spread of the disease. 

LU 

A strikingly similar case was reported by 
Kessler.! 


K. H., male, aged fifty-six. In February, 1932, he 
noted discomfort in the throat; in May, 1932, he 
noted a swelling of the left side of the neck. In July, 
1932, there was an ulcerated tumor replacing the left 
tonsil extending into the soft palate and tongue and 
extending along the lateral pharyngeal wall down to 
the level of the vallecula. There were walnut sized 
lymph nodes in the carotid triangle. Histopathologi- 
cally this was a retothel sarcoma. He received frac- 
tionated irradiation between March 11 and 27, 
and the primary tumor and lymph nodes disappeared. 


,^ 
l 9.54, 


In October, 1932, the patient complained of a burning 
sensation along the esophagus and pain behind the 
sternum. Roentgen examination on March 9, 1933 
(Fig. 4) showed an irregular filling defect just below 
the cardia extending into the smaller curvature in its 
upper third. In the region of the fundus the tumor was 
recognizable as a soft part shadow extending into the 
greater curvature. There was a filling defect the size 
of a hen’s egg in the anterior third of the greater 





Fic. 4. Secondary lymphosarcoma of stomach; 
before treatment (from Kessler’). 
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Through the main course of treatment this field 
emeasured 12 by 8 cm. to 10 by 8cm. The tumor 
responded readily to radiation therapy and had 
considerably regressed on the seventh treat- 
ment day after 775 r. The lymph node had al- 
most disappeared on the ninth day after 1,375 r. 
dhirteen days after the end of treatment the 
skin reaction had entirely healed, the patient 
was gaining weight, and there remained only a 
scar at the site of previous biopsy on the anterior 
pilar at the junction with soft palate as the 
only reminder of the previous lesion. No lymph 
nodes were palpable. 

The following observation, however, showed 
that this patient did not continue gaining 
weight as we would anticipate in the case of a 
sterilized lesion. During the following months 
we searched repeatedly for metastatic foci in 
the chest and by clinical examination of palpa- 


ble areas but did not find any indication of 


spread of the disease. In August, 1941, about 
one year after the end of treatment, the patient 
noticed a swelling of his legs up to the groin. 
The pharvnx at this time appeared perfectly 
normal and there were no regional lymph nodes 
palpable. There was a small node 2 cm. in di- 
ameter in the left axilla. In the abdomen could 
be felt two masses of about § cm. in diameter 
each on the right and left side of the umbilicus. 
His complaints were very undetermined and 





Secondary Lymphosarcoma of the Stomach 


451 





Fic. 1. Case 1. Lymphosarcoma of tonsil. 
Before treatment. 


only of a general abdominal distress. On the 
basis of the reports in the literature, which we 
will mention later, we examined the stomach 
roentgenoscopically and found a large ulcera- 
tion on the greater curvature (Fig. 24). We in- 
terpreted this as secondary lymphosarcoma of 
the stomach in view of the history of previous 
Iymphosarcoma elsewhere. From the roentgen 
appearance alone I do not think that any diag- 
nosis beyond that of a malignant ulceration of 
the stomach could be made or that this lesion 
could be differentiated from a carcinoma. On 
August 26, 1941, Dr. Ralph Loe did a gastros- 
copy and found on the greater curvature at the 
posterior wall an elevated lesion with a great 
central ulceration. This lesion was circumscribed 
and seemed to consist of multiple submucous 





Fic. 2. Case 1. Secondary lymphosarconfa of stomach showing roentgen appear- 
ance. 4, before treatment; B, after roentgen therapy. 
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cm. long and 3 mm. wide. There was a small hemor- 
rhagic spot on the greater curvature of the antrum in 
a swollen mucous membrane without folds or nodes. 
In the lesser curvature of the body just above the 
angulus there were many large nodules. The upper 
part of the posterior wall was normal (Fig. 6). The 
patient received five treatments, each of 200 r, 
through a 20 by 20 anterior abdominal portal, and 
three treatments likewise, each of 200 r, through a 
posterior portal. One month later the gastroscopic 
picture was found to have undergone a spectacular 
change. The stomach was almost normal, the angulus 
was smooth and the larger nodes and ulcers had dis- 
appeared. The roentgen appearance also was found 
to be almost normal. Three months later the patient 
felt better than she had for years. We were informed 
by Dr. Schindler that this patient is still in good condi- 
lion, September, 1941; this means nine years after 
the lymph nodes in the neck were removed and five 
and a half years after the stomach lesion was treated by 
roentgen irradiation. 


Our case and that of Kessler show a 
striking similarity and the sequence of 
events seems to leave little doubt as to the 
pathological interpretation of the stom- 
ach lesions as secondary foci following the 
local sterilization of a primary lympho- 
sarcoma of the pharynx. The third case, 
that of Schindler and Renshaw, is most 
remarkable because of the long duration 
of the disease and the freedom of symp- 
toms for more than five vears following 
the treatment with small amounts of 
radiation to the roentgenologically and 
gastroscopically demonstrated stomach 
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lesion. Whether in this case the primary’ 
focus was also located in one of the tonsils 
which were removed six months prior to 


the first observation is a matter of con-, 


jecture. We have seen cases of dympho- 
sarcoma of the cervical nodes following a 
tonsillectomy in which a careful history of 
the clinical complaints previous to ton- 
sillectomy justified the assumption of an 
unrecognized primary focus in the re- 
moved tonsil. Although the long freedom 
of symptoms in a primary lymphosarcoma 
of the tonsil with demonstrated spread be- 
yond the regional lymphatic area is highly 
unusual it seems that there are cases ih 
which apparently small (and even pre- 
sumably insufficient roentgen-ray doses) 
have produced long intervals of 'good 
health (Taylor). We are still far from un- 
derstanding the biology and the gamut of 
clinical pictures of the disease we call 
“lymphosarcoma.” 
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curvature. Three weeks later the patient was ad- 
emitted again because of increased difficulty in swal- 
lowing. He received irradiation over one anterior and 
one posterior field, 360 r to each field. There was 
marked improvement of the subjective complaint. 
Examinatfon two weeks after this treatment showed 
only a slight irregularity in the region formerly found 
*o be invaded, and examination after two months 
showed that the extensive mucosal infiltration in the 
proximal part of the stomach had completely dis- 
appeared. The stomach was then practically normal. 
[n September, 1933, the patient again had com- 
plaints in the abdominal region with normal roentgen 
findings. One could feel on the right side of the spine 
at the level of the umbilicus a resistance which was 
interpreted as a retroperitoneal infiltration. This was 
irradiated and the patient improved again. In Febru- 
ary, 1934, he showed an acute abdominal picture and 
died within a few days. Autopsy was not done. 


A most remarkable case was reported by 
Schindler? and Renshaw.’ 


The patient was a female, aged fifty-one. Tonsillec- 
tomy in May, 1932, for salivation. She was first seen 
in November, 1932, with the complaints of swelling 
in the neck, which had been present for two years with 
little change in size, loss of 20 pounds of weight in 
one and a half years in spite of fairly good appetite 
and shortness of breath. There was a firm swelling 





Fic. 5. Secondary lymphosarcoma of stomach. Roent- 
gen appearance before treatment (from Schind- 
ler?). (Reproduced with permission of the author.) 
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Fic. 6. Secondary lymphosarcoma of stomach. Gas- 
troscopic appearance before treatment (from 
Schindler’). (Reproduced with permission of the 
author.) 


about 4.5 cm. in diameter below the midportion of 
left mandible. A group of firm, discrete cervical 
nodes was easily excised with the submaxillary gland 
in toto. These showed microscopically a lympho- 
blastoma with disappearance of the lymph node 
structure.* No mediastinal lymph nodes were found 
on roentgen examination but the patient received a 
daily dose of 393 r through a 15 by 15 cm. portal over 
the chest on three successive days. Following this she 
felt well and gained weight. 

In August, 1934, she again complained of shortness 
of breath. Roentgenogram of the chest showed a 
questionable evidence of lymphadenopathy and ad- 
ditional roentgen therapy was given through a 20 by 
20 anterior chest portal with a daily dose of 306 r for 
three days, followed two months later by a daily dose 
of 314 r for three days through a posterior portal. 
Shortness of breath df&sappeared and she remained 
well for sixteen months. 

In January, 1936, she reappeared with the cóm- 
plaints of an epigastric pain of one month’s duration. 
At that time the roentgen examination of the stom- 
ach revealed enlarged gastric rugae not obliterated 
by pressure (Fig. 5). The conclusion was reached that 
there was a submucous infiltration which had not 
broken through the mucosa. On gastroscopic exami- 
nation the angulus was found to be the site of marked 
changes. It was a scalloped nodular curve with a 
white ulceration toward the posterior wall. The mus- 
culus sphincter antri was cord-like and nodular. It 
contained a greenish-gray linear ulceration about 2 


* Dr. Schindler kindly sent us a slide for review which we would 
diagnose as a small cell lymphosarcoma. 
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A PRENATAL DIAGNOSIS OF OSTEOPETROSIS* 


By E. L. JENKINSON, M.D., W. H. PFISTERER, M.D., 
K. K. LATTEIER, M.D., and MARY MARTIN, M.D. 
è St. Luke's Hospital 


CHICAGO, ILLINOIS 


HE intrauterine diagnosis of osteo- 

petrosis by means of roentgenograms is 
uncommon. One of 141 cases of osteope- 
trosis in the medical literature had a roent- 
genological diagnosis in utero.* Subsequent 
study of this patient at the age of six vears 
revealed little evidence of osteopetrosis.^ 
e Necropsies and roentgen examinations 
have demonstrated extensive osteopetrosis 
in the neonatal period.?:*?!? 

e 


CASE REPORT 


The case presented occurred in a colored fe- 
male, aged twenty-nine, para 1, gravida 11, and 
pregnant six months. Fainting spells, nausea, 
vomiting, and albuminuria began in the first 
trimester. Repeated blood Wassermann exam- 
inations were negative. An unusual increase in 
weight and abdominal distention were found at 
the fifth month antepartum examination. There 
was progressive abdominal enlargement in the 
next month despite a salt free diet and restricted 
fluids. Loss of fetal heart tones and palpable 
fluid wave suggested polyhydramnios with a 
multiple pregnancy or monstrosity. 

Roentgen Examination. On April 6, 1942, the 
mother was brought to the Roentgen Depart- 
ment for examination. She was very large and 
multiple pregnancy was seriously considered. 
Roentgenograms were made in the antero- 
posterior and right lateral positions. The films 
revealed a single small fetus and an exceedingly 
large uterus, undoubtedly due to polyhydram- 
nios. The placenta was located on the posterior 
uterine wall. The mother’s bones appeared nor- 
mal and the pelvic inlet was within normal 
Kmits. Considering the size of the fetus, there 
was ample eoom for delivery. 

The films revealed the fetal head to be located 
in the *right upper quadrant, well anteriorly. 
The breach was located in the pelvis. Prac- 
tically all the bones of the fetal skeleton were 
unusually dense and wide. The narrowing of 
the medullary canal of the long bones could be 


definitely seen in the prenatal films. The thick 
cortex encroached upon the medullary cavity. 
The bones of the extremities and the ribs were 
about twice the normal width and were marble 
like in appearance. The outlines of these bones 
were regular and quite sharply defined. No 
periosseous thickening or swelling could be seen. 
The metacarpals, metatarsals, and phalanges of 
the hands and feet could be easily demonstrated 
and were sclerotic. The carpal and tarsal bones 
could not be identified. The entire spinal col- 
umn showed increased density with practically 
complete development of the bodies and pro- 
cesses. The ilia and ischia could be easily out- 
lined in the lateral view and were of increased 
density. We were unable to outline any of the 
epiphyses of the long bones in the prenatal 
films. The skull presented many areas of in- 
creased density. The bones of the base of the 
skull which are laid down in cartilage and the 
bones of the face which are membranous in ori- 
gin were similarly involved. The supraorbital 
ridges (frontal bones) were unusually dense. 
Examination of the bones with a magnifying 
glass revealed marked increase in density, but 
the bones were not entirely homogeneous. They 
seemed to be slightly on the granular side. An 
interesting finding was the calcification seen in 
the upper half of the fetal abdomen which we 
thought due to calcification in thé kidneys. 
Later roentgenograms of the fetus after delivery 
and postmortem confirmed our belief. Prenatal 
Diagnosis: Osteopetfosis; congenital lues should 
be ruled out. " 

One week following the roentgen examina- 
tion, the pregnancy was terminated and a ma- 
cerated fetus was delivered. Photographs and 
roentgenograms of the fetus were made imme- 
diately following delivery. The fetus was 36 cm. 
long, 11.5 cm. anteroposterior diameter, and 
12.5 cm. lateral diameter. 

The roentgenograms made of the fetus fol- 
lowing delivery showed marked swelling of the 
soft tissues of the skull and an unusually large 
abdomen. 


* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Chicago, Ill., Sept. 1 5-18, 1942. 
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Irregular areas are present, especially in the ' 
extremities. The ribs are straight, predomi-e 
nantly dense, but do show some mottling. The 
metaphyses of the ends of the long bones are \ 
smooth and straight. No periosteal rgaction is 
discernible. Calcification is present in the upper 
abdomen which we believe to be in the kidneys, 
The chief roentgenological characteristics are 


as follows: 

I. Increased density of practically all of the 
bones. The increased density is generalized. 

2. Widening of all the long bones, especially 
the tibiae and ulnae. 

3. Fine mottling of the long bones. 

4. Narrowed medullary cavity. 

c. Thickening of the cortex. e 

6. No periosteal thickening. 

7. The base of the skull is exceedingly dense. 
The sella is flat. e 

8. Increased striae in the parietal, frontal 
and occipital bones. 

9. Calcification of the kidneys. 

10. No periosseous thickening. 

The bones of the mother and a half-sister of 
the fetus were normal in the roentgen examina- 





Fig. 1. Photomicrograph of decalcified humerus tion. 

showing calcification of the osteoid tissue and re- Pathological Findings. The pathological find- 

duced marrow spaces. ings in this case are discussed under three head- 

ings: (1) The fetus as presented after delivery; 

The parietal bones were slightly increased in (2) the bleached bones of the skeleton after di- 
density and were of rather peculiar construc- gestion of the soft tissues, and (3) the histo- 
tion. Perpendicular striae of bone extended out- logical preparations of decalcified bone not 
ward from the primary center. The striae were previously included in the digestion. The de- 
well separated as they neared the peripheral scription tollows: i 
sutures and were very sharp. The posterior he tissues of the body of the female fetus, 
parts of the frontals and the entire occipital estimated at six months intrauterine age, were 
bone showed this same pattern extending out- 
ward from the primary center. The bones of the 
base of the skull were very dense and quite 
homogeneous. The sella wes poorly defined and 
flat. The facial bones were dense and broad and 
slightly mottled. 

There was no evidence of the epiphyses of the 
upper or lower extremities. The carpal bones of 
the wrists were not present and only the center 
for the calcaneus was present in the feet. The 
general roentgen findings are similar throughout 
the entire skeleton: namely, increased density, 
widening of the cortex, narrowing of the mar- 
row cavity, While the bones are definitely 
thickened, there is not a complete homogeneity. 
The trabeculae are not present, but there are Fic. 2. Photomicrograph of decalcified femur show- 





small areas of mottling due to less dense bone.» ing heavv trabeculae and fibrous tissue in the 
The cortical portion of the bones 1S not smooth. marrow spaces. 
$e 
v 


- 
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markedly macerated and hemorrhagic. De- 


posits of calcium seemed to outline the pyra- 


mids of the kidneys. Other viscera had auto- 
lytic changes. The long bones of the extremities, 
the ribs, the vertebrae, the bones of the cra- 
nium, antl the bones of the face were greatly 
thickened and calcified. 

* The soft parts were digested with a 1 per cent 
NaOH solution, the recovered and 
bleached. They were chalky and fragile, but 
heavy and much larger than usual. The bones 
of the calvarium consisted of rather soft bone 
with no myeloid. In the large flat bones delicate 
spicules radiated from a thick spongy central 
portion. The occipital bone had a thick heavy 
central portion. The lateral portions were 
radiating spicules. The frontal bone was par- 
ticularly heavy. The supraorbital ridge was 
thick and the supraorbital foramen had a diam- 
eter of 1 mm. The supraorbital plate had a 
thickness of 3 mm. The bone forming the floor 
of the anterior fossa was thick and porous. The 
pyramid of the temporal bone was heavy, dense, 
and the canals and foramina were prominent. 
The pyramid portion was 1.5 by 1.2 cm. The 
squama were thick and heavy. The zygomatic 
processes were I cm. in length and 0.4 by 0.4 
cm. in their other dimensions. The short styloid 
processes were ossified. The thick greater wings 


bones 





Fic. 3. Lateral view showing fetus in utero; dense, 
widened, and thickened bones. 
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e | he humerus was 2.5 





Fic. 4. Photograph of the macerated fetus. 


and leaf-shaped lesser wings were well formed. 
The dorsum sellae were small but ossified. The 
nasal bones were well developed thin plates of 
chalky bone. The ossicles were abqut three- 
fourths of adult size and were well developed. 
The glenoid processes of the scapulae were com- 
pletely ossified and, were each about three- 
fourths the size of the remainder of the scapula. 
The hyoid bone was not identified. The coraceid 
processes were heavy but short. The mandibles 
were thick and heavy. The clavicles were 2.5 
by o.5 by o.5 cm. There was a large heavy 
manubrial plate and slightly smaller 
masses believed to be bones of the body of the 


two 


sternum. 

The large long bones were thick and heavy. 
The enlargement was diffuse. The fibula and 
ulna were much thicker in proportion to the 
radius and tibia than the normal relationship. 
cm. long. The central 
portion had a diameter of 1.2 cm. and the base 
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Fic. §. Roentgenogram of the fetus, showing the in- 


creased density of the bones of the upper and lower 


extremities, ribs, spine, face. 


roughly tapered to a diameter of 0.8 cm. at the 
lower end and 0.9 cm. at the upper end. At the 
diaphysis were transverse lines. The epiphyseal 
edge was rough and irregular and the bone here 
crushed easily. The radius was 2.5 cm., cen- 
trally it had a diameter of 0.8 cm. The shaft 
was diffusely enlarged. The diameter was ap- 
proximately 0.7 cm. and the distal end was 0.§ 
cma Five millimeters from the end of the bone 
was a transverse ridge and at the upper end 
were similar less distinct transverse lines paral- 
lel to the epiphyseal line. The ulna was slightly 
smaller and diffusely enlarged. It had a diam- 
cm. The proximal 
end was 0.4 cm. in diameter and distally 0.4 cm. 
in diameter. No carpal bones were identified, 


eter near the center of 0.7 


but many irregular fragments remained and 
some of these probably represented carpal 
bones. The metacarpals were thick and much 
less chalky than the other bones. The largest 
was I cm. Ít was narrow near the center and 
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flared at each end. Four phalanges were identi- ’ 


fied, grossly similar to the metacarpals. The, 
cortex was much firmer than that of the other 


bones. The femur was 3.7 cm. long and diffusely 


\ 


enlarged. Near the center the shaft had a diam- * 


eter of 1.3 cm. There were longitudinal lines 
ateach end where the bones had a ruffled appear- 
ance and there were at each end faint trans- 
verse lines parallel to the epiphyseal line. The 
epiphyseal surface was rough and irregular. 
Proximally the diameter was 1 cm. and distally 
it was I.2 by o.8 cm. The tibia was grossly 
similar. It was 3.5 cm. long. The greatest diam- 
meter at the upper third was 1.2 cm. At the 
proximal end the bone was 1 by 0.8 cm. and 
the epiphyseal surface was rough and irregular 
Distally it was 0.7 cm. The fibula was 2.7 cm. 





Fic. 6. 
showing calcification in the kidneys, increased 


Roentgenogram of the fetus, lateral view, 


density, and widening of the bones of the upper 
and lower extremities, vertebrae, ribs, and base of 
the skull, and a large pendulous abdomen. 
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long and diffusely thickened. The markings 
e were similar to the other bones. At the proximal 
end the diameter was 0.4 cm. and distally it was 
0.4 cm. Centrally it was 0.8 cm. in diameter. 
The ribg were heavy spongy bones with greatly 
reduced marrow cavities. The largest, along its 
econvex edge, was 3.5 cm. The first ribs were 
well developed. The bodies of the vertebrae 
were heavy solid masses. The largest recovered 
were 0.8 by o.5 by 0.5 cm. The lamina of all the 
vertebrae were thick. The spinous processes 
were well developed and the thoracic ribs had 
well developed thoracic processes. The wings 
of the pelvic bone were large and heavy. The 
margins were ruffed. The ischia were heavy. 
e[ he ischial tuberosity was well developed. The 
foramen had a diameter of I mm. 
Histopathological Findings. Bone “A”: Lon- 
gitudinal sections of the decalcified femur had 
at the diaphysis a zone of unmodified hyaline 
cartilage penetrated by a few blood vessels. 
There was a variable amount of lime in the 
cartilage matrix here. Beneath this was a nar- 
row zone of calcified cartilage where the large 
swollen vesicular cells in rows were separated 
by narrow walls of more basophilic matrix. The 
region beneath had cartilage erosion and endo- 
chondral ossification. This was irregular in ex- 
tent. Narrow spicules of calcified cartilage were 
surrounded by wide zones of osteoid tissue. 
Deeper, where the marrow cavity should be pres- 
ent, were wide trabeculae of osteoid tissue, 
some with masses of persisting calcified carti- 
lage in their centers. Near the center of the shaft 
was marked irregular ossification of this osteoid 
tissue. The trabeculae here were wide, markedly 
irregular and compressed the marrow. There 
was little difference between the compacta and 
spongiosa except in the nature of the elements 
found in the reduced marrow spaces. Periosteal 
bone formation was active but there was here 
aneabnormal amount of osteoid tissue with ir- 
regular lime deposition. In the narrow marrow 
spaces between the thick peripheral trabeculae 
was a cellular fibrous tissue. Here were many 
persisting masses of unchanged hyaline carti- 
lage. There was no fat in the small marrow 
spaces, Centrally the relatively small amount 
of hematopoietic tissue was compressed by 
masses of cartilage matrix undergoing resolu- 
tion and lysis. The usual discontinuous layers 
of osteoblasts were along the margins of the 


trabeculae but only a few osteoclasts were pres- e 


ent. The small amount of hematopoietic tissue 
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lic. 7. Photograph of the disarticulated skeleton 
after removal of the soft tissues. 


contained mainly young cells of the erythrocytic 
series, many adult macrocytes and large nu- 
cleated red cells. There were some v*oung cells 
of the granulocvtic series, very few of them 
acidophilic. No megakaryocytes were found. 

Section "B": The radius and ulna resembled 
those described in. the femur. Here, however, 
the persistence of calcified cartilage in “the 
trabeculae was more marked. The wide dense 
trabeculae had narrow margins of intensely 
staining osteoid tissue. The marrow spaces con- 
tained in a fibrous stroma a moderate amount 
of hematopoietic tissue. 

Section "C": The humerus had essentially 
the same changes. The dense trabeculae of the 
spongiosa had more marked ossification and the 
osteoid tissue was less in amount. The marrow 
here was mainly loose vascular fibrous tissue. 
The kidney tissues were markedly autolyzed. 
However, outlining the calvces and in the walls 
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of the larger blood vessels near the pelvis were 
large irregular deposits of calcium. 

Diagnosis. Macerated premature fetus; osteo- 
sclerosis fragilis generalisata  (Albers-Schon- 
berg’s disease); calcification of renal tissues; 
postmortem autolysis of the tissues. 

No spirochetes were found in sections of the 
liver stained by the Levaditi method. 

To summarize the outstanding changes in the 
bone tissues of this case: Grossly, the long bones 
were diffusely thickened and heavy. Near the 
diaphyseo-epiphyseal lines were transverse 
ridges. Particularly well marked at the ends of 
the tibia were longitudinal striations giving a 
“ruffled” appearance to the bone. The ulna and 
fibula were much thicker in proportion to the 
radius and tibia than the normal relationship. 
The membrane bones of the face and cranium 
were less involved than the cartilaginous bones. 
The large flat bones were practically normal. 
The marked development of the supraorbital 
ridge, large size of the pyramids and ossification 
of the styloid processes were noteworthy. The 
bone tissue was chalky and fragile. Histo- 
pathologically the disturbance seemed to be in 
the ratio between bone formation and absorp- 
tion. The periosteum was intact. There was 
endosteal increase in density and thickness. The 
epiphyseo-diaphyseal lines of the long bones 
were ragged but epiphvseal development was 
normal. The sclerosis seemed to have occurred 
after the centers developed. There was increase 
of cortical bone with widening and broadening 
of the trabeculae. The spongiosa was obliterated 
and the marrow spaces were reduced. Much of 
the marrow contained fibrous tissue. There was 
an abnorneal amount of osteoid tissue in the 
centers of the shafts. The significance of calcium 
material outlining the renal pelvis was difficult 
to determine. The soft issues were badly 
macerated and the finer structure altered bv 
autolysis. No parathyroid tissues were identi- 
fied. 

DISCUSSION 

Roentgenological features of osteope- 
trosis were first described in 1904 by Al- 
bers-Schónberg,' who called the condition 
"marble bones." The term "osteopetrosis" 
was suggested by Karshner? on the basis of 
bone petrifaction. Pirie’ demonstrated that 
the density and drilling qualities of the in- 
volved bones resembled chalk rather than 
marble and called them “chalky bones." 
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The etiology of osteopetrosis is not known. 
The róle of chronic infection, avitaminosis, 
and anomalies of osteogenesis are not well 
defined. Péhu, Policard and Dufourt? sug- 
gested a parathyroid tumor in their €ase as 
the etiological factor. Pugsley and Selye’ 
injected parathyroid hormone in rats and 
observed an initial increased calcium ex- 
cretion subsequently followed by a normal 
or subnormal excretion. This acquired re- 
sistance to experimental hyperparathyroid- 
ism could be converted into a condition 
closely resembling marble bones if the ad- 
ministration of parathyroid were continued. 
The osteoclastic reaction (osteitis fibrosa) 
changed over to an osteoblastic one (mar- 
ble bone formation) at the same time that 
the increased calcium excretion and hyper- 
calcemia returned to normal limits. 

Péhu, Policard and Dufourt,* Schulze,” 
and Alexander? found deposits of calcium 
in tendons, myocardium, blood vessels, 
skin, and in the kidnevs, and believed that 
parathyroid hyperactivity was significant. 
Parental consanguinity and familial tend- 
encies have frequently been reported. Sex 
and race are not important. Most reported 
cases have been diagnosed before pubertv. 
Pirie? believes that the disease starts at the 
epiphvseal line where alternating trans- 
verse bands of greater and lesser densities 
are so common that thev are considered 
pathognomonic. Similar findings, however, 
mav be found in chronic illness due to nu- 
tritional growth arrests. The pathogenesis 
of the poorly differentiated, unorganized 
amorphous bone is not decided. The mar- 
row cavity is replaced by spongiosa having 
a marked increase in number and thickness 
of individual trabeculae, between masses of 
persisting calcified cartilage. The lamellae 
of the cortex are increased in number «nd 
are more compact. The pathogefesis may 
result from abnormalities in the hyaline 
matrix, the osteolytic mechanism, or failure 
of metaplasia from fibrous to osteoid tissue. 
Various authors disagree as to the róle of 
osteoblasts and osteoclasts. In the case pre- 
sented the usual discontinuous lavers of 
osteoblasts were along the margins of the 
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trabeculae but onlv few osteoclasts were 
present. Osteopetrosis mav be suspected 
clinically by its secondary manifestation. 
The diagnosis 1s usually made by roentgen 
studies. 

All the bones of the skeletal system are 
atfected. The vertebrae, pelvic bones, base 
of the skull, and ends of the long bones are 
most extensively involved. The hard cor- 
tical bone is more than twice the usual 
thickness and there 1s condensation and 
broadening of the bony trabeculae. The 
spongiosa and marrow elements may be 
obliterated by the encroaching compacta 
and replaced by fibrous tissue. The hyper- 
plastic bone growth is entirely endosteal. 
The periosteum is rarely involved. 

The ossification centers appear at the 
normal time and epiphyseal unions are 
only slightly delayed. 

The chemical analyses of the bones have 
failed to reveal any characteristic changes 
in their calcium, phosphorus, magnesium, 
or carbonate content. The calcium and 
phosphorus content of the blood serum 1s 
normal. The osteosclerotic or myelophthisic 
anemia accompanying the disease probably 
results from encroachment on the marrow 
elements by the compacta. Metaplasia of 
extramedullary hematopoietic centers may 
account for the enlargement of the liver, 
spleen, and the lymph glands. 


DIFFERENTIAL DIAGNOSIS 


A careful history is most important in 
the differential diagnosis of osteopetrosis. 
A complete roentgen examination of the 
skeleton is also imperative. 

* Congenital syphilis probably presents the 
most difficult diagnostic problem. In con- 
genital svphilis there is a marked thicken- 
ing of the periosteum and sclerosis of the 
bone, but there are also areas of destruction 
in the region of the metaphyses. Syphilis 
rarely attacks the bones of the base of the 
skull, while osteopetrosis usually involves 
this portion of the skeleton. Serological 
studies are very important in the differ- 
ential diagnosis. ° 

Osseous changes in leukemia are not un- 
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common and were originally described by 
Hueck in 1879. However, the changes are 
predominantly infiltrative and destructive 
rather than proliferative. When sclerosis 
does appear, it is not so generalized. 

In certain parts of the world, chronic 
fluorine poisoning presents changes which 
mav be confused with osteopetrosis. Here 
the history is of great importance. The oft- 
spring of persons in any way associated 
with fluorine mav show changes of the 
sclerotic type. In fluorine poisoning the 
architecture of the bones remains un- 
changed and calcium fluoride crystals can 
be identified histologically in the haversian 
canals. The adjacent soft tissues show 
osteophyte formation with calcification of 
the intervertebral ligaments and periosseous 
deposits. 

Some of the more uncommon conditions 
such as condensing osteitis of Sicard, ebur- 
nizing osteitis of Putti, ivory vertebra, or 
leontiasis ossea, while they may cause some 
confusion, are nello localized and do not 
present the generalized sclerosis seen in 
osteopetrosis. 

Paget’s disease may present a difficult 
problem in older patients. However, the 
changes in the skull, pelvis, and long bones 
of the extremities are usually quite char- 
acteristic The bones are not homogeneous 
and the trabeculae instead of being absent 
are very prominent and thickened 

Chronic metallic poisoning sych as lead 
or phosphorus may cause diagnostic difh- 
culties. The history, chemical analysis, and 
examination of the red blood cells are of 
great importance from a differential stand- 
point. When the irritating metals are with- 
drawn the patient’s condition very often 
improves and the areas of sclerosis disap- 
pear. Osteopetrosis presents no peripheral 
neurological findings. 

When multiple fractures occur in a pa- 
tient, the differential diagnosis between 
osteopetrosis and osteogenesis imperfecta 
presents a problem. However, in the latter 
condition, the density of the bones is de- 
creased rather than increased and trabec- 
ulae are present. Healing of the fractures 
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may take place in either condition. More- 
over, marked deformities and bowing of 
the bones due to softening can be noted in 
osteogenesis imperfecta. 

The course is frequently rapid and fatal. 
Involvement of the bones and foramina of 
the base of the skull may cause blindness, 
hydrocephalus, and hypophyseal dysfunc- 
tions. Mineral, vitamin, and endocrine 
therapy have been unsuccessful. 


SUMMARY 


1. A case is presented of prenatal osteo- 
petrosis diagnosed roentgenologically and 
confirmed by necropsy. 

2. A complete review of the literature 
reveals no confirmed prenatal diagnosis of 
osteopetrosis. 


3. The skeletal changes reveal that car- 
tilaginous and membranous bone show 
similar involvement. 


4. From the review of the literature and 
the evidence presented in our case, osteo- 
petrosis undoubtedly originates in utero 
and when accompanied by hydramnios, the 
fetal mortality is high. 


5. It is not uncommon for patients with 
osteopetrosis to reach adult lite. 
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GHON’S TUBERCLE 
RE-EVALUATION OF A CONCEPT* 
By ROBERT G. BLOCH, M.D. 


CHICAGO, ILLINOIS 


UN VER twenty-five years ago Ghon? 

published his studies on primary 
tuberculous infection. Since that time the 
small calcified focus in the lung has played 
a dominant rôle in the clinical aspect and 
the epidemiologv of tuberculosis, and the 
term, "Ghon's tubercle,” has been uni- 
versally accepted as signifying the calci- 
fied single or multiple remnants of a tuber- 
culous lesion resulting from a primary in- 
fection acquired in childhood. This inter- 
pretation is made regardless of the age of 
the patient in whom such a lesion is found; 
its origin is placed back in the early vears 
of life from the adolescent and senile age 
period alike. 

[t is the purpose of this paper to re- 
examine the soundness of that apparently 
so firmly established concept on the basis 
of more recent experience. As in other 
fields of medicine, the increasing impor- 
tance of pathologic study through serial 
and large scale roentgenologic observations 
in the field of tuberculosis compels us to 
reconsider some aspects of our knowledge 
regardless of how securely they may seem 
to have been founded in the past. 

Ghon examined tuberculous lesions in 
184 children by autopsy in St. Anne's 
Hospital in Vienna. Of that number he 
described in detail his findings 1n 125 as to 
pathologic detail, number, size, and dis- 
tribution of the lesions. Table 1 shows the 
age distribution of his patients. The oldest 
was fourteen vears, the average age four 
vears, with more than one-third of the 
individuafs less than two years of age. 
Ghon made no attempt to apply his find- 
ings to tuberculous remnants found in the 
lungs of adults; apparently it was the 
widespread recognition which his work 
received, rather than his own interpreta- 


tion of his findings which led to a practice 
of ascribing all calcified foci in the adult 
to childhood infection. Without adequate 
observations which could form an accept- 
able scientific bridge from childhood to the 
adult age, the calcified focus discovered at 
any ageandGhon’s tubercle are now synon- 
vmous; the term in that meaning has 
become common in everyday medical 
practice. 
TABLE I 


AGE DISTRIBUTION OF LESIONS DESCRIBED BY GHON? 
(184 autopsies; description of 125 examples) 


Per Cent 











Age Distribution: Number 
Younger than 2 vears 47 Lo 
2 to 5 years 43 35.0 
6 to IO years 27 23 «th 
II to I4 years 8 6.3 
pag 100.0 


Youngest child aged 2 months. 
Oldest child aged 14 years. 
Average age—4 years. 


A few authors**° from different conti- 
nents and studying tuberculosis in various 
races have pointed out that calcifications 
are found more frequently in old than in 
young individuals; in fact, that there is a 
steady rise in the frequency of such find- 
ings with increasireg age. Ten years ago, in 
beginning our case-finding programs (or 
tuberculosis! we examined a group of 
2,300 white persons composed of college 
freshmen, graduate students, faculty mem- 
bers and hospital personnel of the Uni- 
versity of Chicago. The examinations 
were made partlv bv roentgenoscopy and 
partly by stereoscopic chest roentgeno- 
grams. There was the striking discovery 
that calcified tuberculous remnants were 
more frequent in the older group of indi- 


* From the Frank Billings Medical Clinic, Department of Medicine, University of Chicago. 
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Age Group T II IJI 
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Fic. 1. Percentage of calcifications (Ghon’s tubercles) in 2,300 


^ 


white individuals of various age groups. 

e 
viduals. Figure 1 shows the steady rise conducted another case-finding program 
through the various age groups by roent- among the patients of the Clinic of Provi- 
genoscopic as wellas bv stereoscopic exam- dent Hospital in Chicago introducing 
ination. chest roentgenoscopy as a routine proce- 

During the past three years we have dure in that institution.? The findings of 


£ 


20 
18 
16 
Average 15.0 
l4 
12 
10 ý 
" e 
8 
6 e 5 
e 
Age Groups: 0-14 15-24 25-34 35-49 50 
Number of 
Examinations: 2775 3831 4067 5742 3318 
Number of 
Calcifications: 205 4,63 696 940 654 


Frc. 2. Percentage of calcifications (Ghon’s tubercles) in 20,000 Negroes. 
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calcified foci were recorded as to size, loca- 
tion, multiplicity of the lesion, and age of 
patient. In the first 20,000 Negroes of all 
ages who were examined there was again a 
sharp tise of the number of calcified foci 
with increasing age, as shown in Figure 2. 

Realizing that a large number of such 
lesions, possibly their majority, are not 
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eight vears to reach a stage of calcification 
which makes it recognizable as such on 
roentgen examination. In childhood the 
period seems to be much less. 

If the process of calcification consumes 
certainly less than a decade and if it 1s 
assumed to originate in childhood, why 
should we find so many more calcified 





Fic. 3. Development of typical childhood (primary) focus. Unit No. 40866, B. T., female, aged six. Patient 
was exposed to infection from her mother who had pulmonary tuberculosis. ;7, taken in 1931, shows a 
fairly sharply outlined caseous focus near the left heart border. B, in 1933 the lesion appeared smaller, 
more sharply outlined, with a dense central focus representing calcification. C, in 1939 the peripheral area 
has been reabsorbed with the calcified nucleus remaining. Presumably the final stage was reached long be- 


fore 1939 but no intermediate observations are available. 


discoverable by roentgenologic examina- 
tion—the recorded average was 15 per 
cent—the groups are nevertheless repre- 
séntative. If failures of visualization could 
be corrected, the curve would probably 
rise still farther rather than decline, since 
"failure of discovery is more likely to occur 
in the oler and more obese groups than 
in the younger ones. It cannot be assumed 
that the majority of these foci would take 
from childhood to adulthood or even to 
middle age to reach the maturity of com- 
plete calcification. [t was our observation, 
as it has been also that of others, that thee 
average caseous lesion needs from six to 


tubercles among middle aged and old 
persons than in woung adults and adoles- 
cents? [n recent vears much has been said 
about primary tuberculous infection in 
adults. With decreasing exposure of 
children to the tubercle bacillus, espe- 
cially in some rural areas of the country. 
the occurrence of late primary infection 
has undoubtedly increased, but this shift 
is as vet of little significance in the general 
picture of tuberculous epidemiology, es- 
pecially in the cities. Certainly in the mid- 
dle aged and near-senile population the 
significance of first infection is to be de- 
nied. Primary adult infection, therefore, 
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Fic. 4. Development of adult exogenous superinfection focus. Unit No. 8426, V. C., female, aged twenty-five. 
Patient was exposed to infection from her mother, who was found to have open pulmonary tubercylosis 
for some time before discovery of the daughter’s focus. Patient was examined because of contact. A mild 
productive cough at the time of examination and recurring frequently after healing of the lesion was obvi- 
ously related to upper respiratory infection. 4, in 1929 an ill defined, small lesion was found in the left 
mid-lung field with round calcifying central area. B, in 1933 enlargement of the dense central area is still 
surrounded by a halo of lesser density. C, in 1936 there is complete calcification. 


offers no answer to our question. The al- 
ternative is the assumption that a large 
number of calcified foci in the adult are 
not the remnants of a primary infection 
but rather the remnants of reinfection 
tuberculosis acquired during the adult 
age. 

In recent years Ghon’s student, Ter- 
plan,? in his studies on tuberculous foci 
has pointed out that reinfection can pro- 
duce typical tuberculous complexes in the 
lung “‘heretofore considered as the char- 
acteristic sign of primary tuberculosis 
exclusively." In his anatomical observa- 
tions he was not able to differentiate be- 
tween the remnants of a second infection 
and the typical primary tuberculous 
focus. He stated that “the second complex 
... seemed to undergo the same regres- 
sive changes with encapsulation and 
chalky degeneration pointing to complete 
calcification as the ultimate result.” 
Sweany’ attempted the anatomical differ- 
entiation between the older and newer 
tuberculous foci on autopsy material and 
also demonstrated their development roent- 
genologically; the latter contribution 


showed that certainly in the roentgeno- 
gram the finished product of either variety 
is indistinguishable from the other. 

Our own clinical and roentgenologic 
observations revealed great similarity and, 
in many cases, complete parallelism be- 
tween the primary and assumed superin- 
fection focus except for the previously 
mentioned difference in time which the 
average case of either variety consumes 
for the process of complete calcification 
(Fig. 3, 4, and 5). 

In numerous examinations of persons 
who were known to have been exposed to 
recent tuberculous infection, mostly by 
family contact, small, usually casedus 
lesions were found in the lung fields on 
roentgen examination. Hardly any of these 
foci had caused symptoms, and they 
would not have been discoveretl at that 
stage but for a rule of the Chest Clinic to 
invite all contacts of our patients with 
active pulmonary tuberculosis to have a 
roentgen examination of the chest. Some 
of these small infiltrates were observed 
to disappear by reabsorption in the course 
of a few months or years. Others persisted 
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with slowly progressive encapsulation, 
teposition of calcium salts, and eventually 
calcification. It seems that many such 


e patients, through excellent immunity, are 


able speedilv to isolate the focus which 
has caseated after a localized infection has 
Sccurred in the lung tissue as the result 
of massive inoculation. The age of persons 
in whom these observations were made 
ranged up to sixty-seven years. In a few 
adults the formation of calcified foci was 
observed without any known preceding 
exposure to the organisms which could 
have caused the lesions by direct exoge- 
ñous superinfection. In these patients the 
endogenous reinfection etiology can be 
assumed to be likely. 

As in Terplan’s observations, some of 
the lesions in question had developed in 





Ghon’s Tubercle 467 


/ 


addition to pre-existing calcified foci in 
the lung parenchyma or the tracheobron- 
chial lymph glands or both, thereby dem- 
onstrating their superinfection nature. 
From this it would follow that parenchy- 
mal calcifications found together with 
calcified glands may have resulted from 
an attack of infection different in time 
from that causing the development of the 
adenopathy. This would mean that the 
etiologic unity as to time, of a complex 
consisting of parenchymal and glandular 
involvement in the calcified state, cannot 
be taken for granted. 

If the possible superinfection origin of 
the so-called Ghon’s tubercle can be con- 
sidered as established, it 1s only a step to 
the speculation that even a child's calci- 
fed focus mav not be the remnant of a 


Fic. 5. Development of adult—possibly endogenous—reinfection foci. Unit No. 15600, M. P. H., female, aged 
thirty. Several members of the immediate family had pulmonary tuberculosis but there was no known con- 
tact for some time preceding discovery of the lesions. 4, roentgenogram taken in 1929 on occasion of a gen- 
eral examination failed to show pulmonary involvement. 7, in 1939 two irregularly shaped but sharply 
outlined foci of little density in the left subapical area. At that time patient had mild systemic symptoms. 
C, in 1933 the foci were more sharply circumscribed*ind of greater density. Patient was clinically well at 
that time. D, in 1937 there was complete calcification of the foci, then much reduced in size. 
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first infection in the strict sense of the 
word. Some of us have long abandoned the 
concept of a single inoculation from which 
primary lesions result, and prefer to speak 
rather of a primary infection period during 
which several or many inoculations with 
the tubercle bacillus occur, one of which, 
but not necessarily the first one, results in 
the petrified tubercle; in other words, 
even the true Ghon’s tubercle of early life 
may be the expression of a reinfection 
superimposed on the truly first lesion 
which we know frequently is absorbed, 
leaving no macroscopic residuals. 


CONCLUSIONS 


It seems logical on the basis of such evi- 
dence that a re-evaluation of the so-called 
Ghon’s tubercle or primary tuberculous 
calcification is needed. In the light of our 
present knowledge, the only justifiable 
interpretation that can be placed on the 
finding of a calcified tuberculous lesion by 
roentgen examination 1s that it represents 
the innocuous residual of a tuberculous 
infection, either a primary infection or re- 
infection at some prior time, either in 
childhood or adulthood, without its being 
possible to determine the time at which 
the infection occurred. 

Therefore the term, “Ghon’s tubercle” 
should either be dissociated entirely from 
the time element and applied to all small 
calcifying or calcified tuberculous foci 
regardless of age, or if it 1s to be retained 
as “signifying the residuals of a childhood 
infection it should be, applied only when 
the calcified residuals are found in the 
Child. 


SUMMARY 


The childhood origin of all so-called 
Ghon’s tubercles is to be doubted. 

Through large scale pathologic and 
roentgen examinations, the greater inci- 
dence of calcified foci in higher age groups 
has been established. 


Robert G. Bloch 
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. The majority of such lesions origi- 
T during adult life can be traced tb 
exogenous superinfection of individuals" 


who are known to have been exposed to, 


infection as adults. e 


4. Serial roentgenographic evidence of 
the development of calcifying foci fh 
adults is presented. 


They cannot be differentiated from 
childhood | (primary) lesions. 


6. The concept of the true primary 
nature even of the childhood calcification 
can be doubted. 


The term, ‘““Ghon’s tubercle,” should 
be dissociated from the time at which the 
infection occurred or should be limited to 
foci found in children only. ° 
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emulsion is superimposed upon the 
sharper image of the first emulsion which 
accounts for the considerable unsharpness 
of detail when using the old tvpe roentgen 
films for photographing the fluoroscopic 
image. 

Another advantage of the single coated 
film is the greater latitude and range in 
gradation of densities. This is true be- 
cause there are two emulsions coated one 
on top of the other. Hence we are less apt 
to lose detail in the outer zone when the 
central zone is overexposed. 

The arrangement of the lens in the 
camera is such that there is greater con- 
centration of light in the central zone. 
This is seen on the old tvpe film as a dark 
central area. The increased latitude in 
single coated films offsets this disadvan- 
tage to a great extent and the film shows a 
more even exposure. This film has less 
contrast than the old tvpe double coated 
and requires the use of a stationarv grid 
to diminish secondary ravs and build up 
contrast. 

All these factors tending to improve the 
film must be compensated for by increase 
in kilovoltage or milliampere-seconds. 
The miniature film takes about 10 kv. 
more than the conventional 14 X17 inch 
film; the use of the grid requires either 
doubling the milliampere-seconds or an- 
other increase of from 10 to 12 kv. The 
single cqated emulsion film also requires an 
increase of about 4 kv. All this throws a 
greater burden on the tube and shorter life 
must be anticipated than on the conven- 
tional roentgen-ray installation. 

The diagnostic value of these smaller 
films has been excellent, and it is only in 
the exceptional case when the individual 
measures over 30 cm. that a 14 X17 inch 
film is taken. It has never been necessary 
to take a 14X17 inch film in order to 
check a doubtful shadow. The stereo- 
scopic shift giving two views clarifies 
doubtful shadows, throwing small shad- 
ows obscured bv the ribs in one view into 
the interspace in the other. De Lorimiere 
rated the 4 Xs inch stereoroentgenogram 
of greater diagnostic value than the single 
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14X17 inch film. In his experience he 
found that early lesions of reinfectior? 
tuberculosis are made more conspicuous 


on the miniature films than when pro-, 


Jected into the larger dimensione of the 
14 X17 inch film. 

This increase in sharpness is easily une 
derstood when we realize that the grain of 
the fluorescent screen is reduced in pro- 
portion of 14 X17 to 4X5 inch. This view 
of the greater efficiency of the 4X5 inch 
film is also shared by Christie! who states 
that for minimal lesions he feels more cer- 
tain of their detection by means of two 
4X5 inch films made with a tube shift 
than with a single 14 X17 inch film of the 
best quality. Shifting of the tube serves to 
uncover portions of the lungs which’ may 
have been obscured by bones or other 
structures in the roentgenogram. It is the 
minimal lesion which is most significant. 
Large lesions can be easily demonstrated 
on any type of procedure. If the case 
should require further study, the stereo- 
scopic film is available. 

Another factor favoring the 4X5 inch 
film is that they can be interpreted with 
less fatigue for the roentgenologist. As de 
Lorimier states, the scope of the visual 
concentration is limited and a study of a 
14 X17 inch film is comparable to viewing 
6 to 8 miniature films. This 1s an impor- 
tant factor in survey work where from 200 
to 400 films are to be diagnosed daily. 
Viewing small dimensions requires fewer 
fields of visual concentration and the in- 
creased sharpness of densities in the lung 
makes them more conspicuous. His con- 
clusion 1s that the miniature stereo films 
are best for a case finding procedure. 

For diagnostic purposes, oblique and 
lateral views on conventional sized *filnfs 
can be obtained. " 

Diagnostic accuracy has been checked 
by others in comparative studies of the 
4X5 inch film versus the 14 X17 inch. 
Potter, Douglas and Birkelo? found the 
percentage of error as 2.6 on the 4 X « inch 
film among 271 cases checked bv the large 
film. In nearly everv instance the minimal 
lesions were superimposed over rib shad, 


Vor. 49, No. 4 
* 


TEN THOUSAND CHEST EXAMINATIONS WITH THE 


$9 
d STEREOSCOPIC PHOTOROENTGEN UNIT* 
. By JOSEPH LEVITIN, LIEUTENANT COLONEL, M.C. 
e Roentgenologist, San Francisco Recruiting and Induction District 


SAN FRANCISCO, CALIFORNIA 


THE problem of tuberculosis in the 
Army 1s the discovery of the minimal 
lesions that exist without symptoms. 
Many of these lesions are latent and might 
remain so under ordinary conditions of 
life. In Army life, fatigue and a lowered 
resistance may activate these latent foci, 
sô that the individual in question may be- 
come a casualty and a burden on the gov- 
ernment for the rest of his life. It is 
estimated that each case of tuberculosis 
in the last war cost the government be- 
tween $10,000 and $15,000, the total cost 
reaching over one billion dollars. 

The best way to detect these latent le- 
sions is by roentgen examination.*?? Phys- 
ical examination alone is inadequate, for 
physical signs in most instances are lack- 
ing. Moreover, chest surveys by the roent- 
gen ray are not new. The reader is referred 
to the excellent articles by Robins and 
Ehrlich! who examined 20,000 in New 
York City using an emulsion on a paper 
base; by Richards,!? who reported on over 
300,000 cases, examined for the Canadian 
Army using I4X17 inch films; and by 
Edwards and Ehrlich,‘ who reported on 
over 50,000 inductees and National 
Guardsmen in New York City using the 
paper roll. Pindell® recently reported a 
series of 2,107 cases using the photoroent- 
gen “unit and taking 4 X 5 inch single films. 
All agree that group survey by roentgen 
examination of the chest is satisfactory, 
the fesults justifying the work and ex- 
.pense invofved. 

The photoroentgenoscope aed at this 
station is made by the General Electric 
Corporation. Films are taken stereoscop- 
ically. The apparatus and the technique 


of its use are described in the excellent 
articles by Potter^? who collaborated 
with the General Electric Corporation in 
its development; by Lieutenant Colonel 
de Lorimiert? who was instrumental in its 
development for the Army, and by Pindell. 

In the past questions were raised re- 
specting the diagnostic accuracy with which 
the 4X5 inch film could be used—such 
questions being directed essentially at the 
technical qualities of density, contrast, and 
detail, and the influence they have on the 
readability of a film. To obtain the bést 
results with 4X5 inch film, time, experi- 
ence, and improvements show that con- 
sideration must be given to the use of the 
proper type of developer and film and to 
the use of a fine, stationary grid. 

In the first place ordinary developer 
would necessitate a long developing time 
which increases the chemical fog. High 
speed developer shortens the developing 
time so that six minutes at 65° F. can be 
used and chemical fog can be avoided. 

Second is the use of the single coated 
film. It gives better detail because there is 
one image. instead of the two present on 
the double coated film. The significance of 
this was pointed out by de Lorimier? who 
brought out the faet that we are dealing 
with light waves from the fluorescent 
screen to sensitize the emulsion on the 
film rather than roentgen rays. When the 
double coated film is used the light waves 
are refracted when passing through the 
front layer of film emulsion and through 
the film base. About 30 per cent of this 
light goes through the film, finally to be- 
come effective upon the back layer of 
emulsion. The blurred image of the second 


* This paper is published with permission of the Surgeon General, War Department, U. S. Army, who assumes no responsibility for 


statements made or conclusions reached herein. 


t Director of the Department of Roentgenology in the Army Medical School. 
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ows in the small film. This, of course, is 
eobviated by the two views obtained. with 
the stereoscopic shift. The reverse now 
holds true, a small lesion missed behind a 
rib in @single 14 X17 inch film is thrown 
into the interspace by the different posi- 
etion on the stereoscopic film. Ezra Bridge 
(quoted by Pindell)* also reported on the 
examination of 1,000 patients at lola 
Sanatorium with the 14X17 inch film 
and the small 4X5 inch film. Of the 130 
minimal cases found, 2, or 1.5 per cent, 
were missed on the miniatures. At that 
time a system for producing or using the 
etereofilm was not available. 

A strict comparison of results of inter- 
pretation of the 4X 5 inch films with 14X17 
inch*films is difficult. If the results of one 
individual reading 4X 5$ inch films is com- 
pared with that of one reading the same 
cases of 14X17 inch films we must take into 
account the error inherent in the individual. 
No two individuals would read 1,000 roent- 
genograms alike, and even the same indi- 
viduals would read the same 1,000 roent- 
genograms with some changes at different 
times. The factor of fatigue of the roent- 
genologist also enters. Richards, reporting 
on chest roentgen examinations of the 
Canadian Army found that 11 cases out 
of 328,325 were missed, or a percentage 
error of 0.003. In each instance the lesion 
was overlooked by competent men and 
all agreed the lesion was present when the 
roentgenogram was reviewed. This per- 
centage is admittedly low but it is based 
on only review of those cases which sub- 
sequently showed active tuberculosis. 
Thty do not know how many were missed 
in the group that did not become active. 

The accuracy of either type of case 
findmg procedure cannot be judged by the 
results ol*tained if the same individual 
read a series of 4 X5 inch films and a com- 
parable series of 14 X17 inch films on the 
same cases. 

Unless the series is large, the roent- 
genologist could not help but carry a 
visual memorv of the few positive and 
doubtful of the first series in his mind, and 
gubconsciously look for them in the second 
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series. No one, to date, has reported a se- 
ries large enough to avoid such an error. 

An idea as to the accuracv of the stereo 
4X5 inch film as compared to the 14 X17 
inch film may be gained by a comparison 
of the percentages of reinfection tuber- 
culosis found if the material 1s based on 
the same cross section of population. This 
has added accuracy if thev are reviewed 
by the same individual. 

Before the photoroentgen unit was 
established at this station, the men were 
sent to private roentgenologists for 14 X17 
inch single chest roentgenograms. I had 
the opportunity of reviewing 2,410 of 
these roentgenograms. The incidence of 
reinfection tuberculosis in this group was 

per cent. This compares to 1.36 per 
cent found on the stereo 4 X 5 inch roent- 
genograms based on 10,000 cases exam- 
ined at this station. This difference does 
not imply that the 4X5 inch films are 
0.16 per cent more accurate. The sampling 
error in each group must be considered 
and their result compared. 

The statistics of each group were an- 
alyzed by Dr. E. L. Lucia and her con- 
clusion was that there is no difference in 
the effectiveness of diagnosis between the 
two types of film.* 

* [n sample 1 a positive rate of 13.6 per 1,000 was observed 
among 10,000 examinations made. 

In sample 11, the number of positives was 12.0 per 1,000 among 

2,410 examinations. 

The difference between these two rates is 1.6 per 4,000. 

To determine whether or not this difference is significant, it is 


necessary to calculate the sampling errors for each of these rates. 
The formula reads: 


e /[ n 


Op; = V 
Hi 


where p: (the chance of success) is 13.6 per 1,000 and qı &he 
chance of failure) is 987.4 per 1,000, or the difference between 
1,000 and the chance of success: 1,000 — p: —4:. 

By substituting the values for sample 1, we have 


/13.6 X987.4 
Op, = Em 


LI —-/1.34 —1.158. 


0,000 


The rate may be written as 13.6 per 1,000 t 1.158. 
Similarly substituting the values for sample 11, we have 





/13X j88 
=4/ : SAES asi qu 4.92 72.218. 


2410 
The rate may now be written as 12 per 1,000 + 2.218. 
The formula for the sampling error of the difference of propor- 
tions ts as follows: 


/ 
/pwn Pqs 
c = j) =—, 
p—P / 
dia: 4 ni Ha 


By substituting the squares of the values obtained for the sam- 


lic. 1. Normal chest. Stereoscopic roentgenograms 
faken on a single 4X10 inch film; single coated 
emulsion. To be viewed on the orthostereoscope 
specially designed for the purpose. The image is 
magnified about twice by the stereoscope. 


In addition to the accuracy of the diag- 
nosis and less fatigue in its interpretation, 


pling of pı and p: we find V 1.34 
The difference between I 5.6 and 12.0 


-4.92 =V 6.26 —2.5 

which is 1.6 has been 
found to have a sampling error of 2.5, a value greater than the 
difference itself. From the standpoint of the statistical analysis 
It is customary to state the sampling error of the difference of 2.« 
that the difference should be at least 7.5 to be signifiacnt, all other 


things being equal. A difference of 1.6 may therefore be said to* 


have no significance whatsoever. Dr. E. L. Lucia. 
Associate Professor of Biometrv, Department of Hygiene, Uni- 
versity of California. 


Joseph Levitin 
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another factor of importance to be con- 


sidered where we are dealing with surveys e 


of large numbers is the ease of handling 
the smaller film which requires less devel- 
oping, drying space and storage rogm. 
This report 1s based on 10,000 con- 
secutive roentgenograms of chests of mene 
coming for final tvpe physical examination 
prior to induction in the United States 
Army. All have had a preliminary screen 
examination bv their local draft board. 
Those obviouslv suffering from or being 
treated for conditions exempting them 
from the Army are not sent in. In addi- 
tion to this group making up the series 
are a small number of those seeking en- 
listment. It can be stated that the group 
is made up of men considered as fit appli- 
cants for military duty. Not one 15 receiving 
a chest roentgenogram because he requires tt. 
The roentgenograms are interpreted as 





Fic. 2. The only complaint of this inglividual was 
laryngitis. The roentgenogram shows a large cav- 
ity measuring about 8 cm. in diameter athe right 
apex with nodulations and fibrosis of the right up- 
per lobe. Fibrosis and nodulation involving the left 
upper lobe. The roentgenogram was taken on the 
double coated emulsion. In comparing with Figure 
1, note the hazy outline of the vascular markings 
and the lack of sharpness of the ribs. The roent- 
genogram also shows more contrast, but poorer de- 
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to primary tuberculosis and reinfection 
type. All reinfection tvpes are disqualified 
for unlimited service even though healed. 
The primary types with calcifications were 
accepted for the first 6,927 cases. A later 
ruling disqualified those with calcifications 


"where there were more than five calcified 


hilar glands or where one has a diameter 
of 1.5 cm. or larger (measured on the 14 X 
17 inch film). Also eliminated were those 
with parenchymal calcifications of more 
than five in number and where one meas- 
ured 1 cm. in diameter or larger (14X17 
inch film).* The cases with these calcifica- 
tions, although rejected, are tabulated 
under calcified lesions. 

All cases showing reinfection tubercu- 
losis were grouped as to whether they ap- 
peared healed or active on the roentgeno- 
gram. It is admittedly dangerous ground 
to determine activity on the roentgen ap- 
pearance of the lesion. The leaning was 
toward conservatism in the diagnosis of 





Fic. 3. This individual has been under treatment by 
various doctors for asthma for the past four years. 
No one had ever ordered a roentgen examination 
of the chest. The roentgenogram shows extensive 
fibrosis involving both lobes. The heart is small, 


with the mediastinal structures displaced to the , 


right. (Single coated film.) 


e ^ Latest ruling allows ten calcifications in the parenchyma. 
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Fic. 4. This individual had no complaints or previous 
history of illness. He is a food handler of uncooked 
vegetables. Both upper lobes show considerable 
fibrosis. Cavity about 7 cm. in diameter at the left 
apex; one 3.5 cm. in diameter at the right apex. 
(Single coated film.) 


healed lesions. All lesions that were calci- 
fied, or showed sharply demarcated strand- 
like infiltration, were considered as healed. 

All others were considered active, even 
though many are cases of arrested tuber- 
culosis. This is the important group with 
which we are concerned from a public 
health standpoint and control ef tuber- 
culosis. The active and the arrested cases 
are the ones either spreading the disease or 
the ones likely to break down. The healed 
and calcified cases are of interest for sta- 
tistical purposes. Active and arrested 
cases were the ones with soft nodulations, 
calcifications with periphery of lesser den- 
sities fading into the normal parenchyma 
and cavities. 

The of all reinfection tvpe 
tuberculosis were obtained and data noted 
as to whether or not the individual ever 
iad any symptoms or signs pointing to- 
ward a chest lesion. Positive histories were 
pleural effusion, hemorrhage, cough, loss 
of weight, fatigue, and past treatment for 
tuberculosis. A history was called nega- 


histories 
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Fic. §. This individual had no complaints or previous 
history of illness. He is a food handler of uncooked 
vegetables. Extensive nodulations and fibrosis of 
both upper lobes. Cavity about 2 cm. in diameter 
in the sixth interspace at the left axilla and one be- 
neath the right clavicle. (Single coated film.) 


tive when the individual had had no symp- 
toms at any time referable to his chest. 

[t was astonishing to find the number of 
men with active tuberculosis having no 
suspicion of the disease. Fourteen had 
cavities and had been passed up as 1A in 
their routine physical examination. One 
had an extensive tuberculosis and his only 
complaint was a laryngitis (Fig. 2). An- 
other had been treated for asthma for 
four years and had a fibrous tuberculosis. 
Hee had never been roentgenographed 
(Fig. 3). Also of interest were the number 
with cavities who were food handlers (Fig. 
4 and 5). 

Those rejected for chest conditions have 
their roentgenograms returned to their 
local draft board.* Thev are available to 
the men so that they may get proper 
treatment. 

A]l rejected cases at this station are re- 
ported to the San Francisco Department 


A new ruling sends roentgenograms of all rejected cases to the 
Director of State Selective Service. 


Joseph Levitin 


e Rejected because of too many or too large in 3.313 
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of Health. In return they report out of ^4 
town cases to the State Department of, 
Health. Of the first 69 cases of reinfection * 
tuberculosis, residents of San Francisco 
County, reported to the Department of * 
Health, 8 were hospitalized, 10 were sent 
to their private physicians, and 8 were un-, 
able to be located. The rest were being 
treated in the clinic. 

The results of the first 10,000 cases 
studied are shown in Tables 1, 11, 111 and 
IV. 

DISCUSSION 

Those active cases of tuberculosis which 
have had a positive previous historye 
should give us no concern. They are a ° 
problem of a closer follow-up system for 
those who have been treated, or further 
education of the public for those with 
symptoms to consult a doctor. A survey 
of medical facilities, to see if they are 
available for those with symptoms, should 
bring these cases under control. This num- 
ber is the smallest of the whole group, only 
reaching 2 per 1,000. 





TABLE I 
- - - * 
No. per 
Total 1,000 
No. Popu- 
lation 
Reinfection tuberculosis I 36 13.5 
Calcifications, hilar and/or par- 
enchymal $56 53.6 * 
Other lung lesions 13 Ph 
*Cardiac abnormalities 45 4.5 
Dextrocardia 3 3 
Anomalies 
Vena azygos lobes 15 A 
Cervical ribs 64 6.2 
Anomalies of ribs; fused, bifid 19 I .9 
= i * 


* [t 1s beyond the scope of this paper to analyze the cases of 
cardiac abnormalities; a subsequent report will tabulate the*num- 
ber of cardiac rejections with normal roentgen findgngs, abnormal 
cardiac roentgen findings with normal clinical findings and the 


abnormal group where they both agree. 
L } - å 


TABLE II 


Calcifications: total 536.0 in 10,000 cases 


cases 
Total 16.0 =4.8 per 1,000 population 
— - = -—  — e & 


TABLE III 
D LUNG LESION OTHER THAN TUBERCULOSIS 
TOTAL NO. =13 











No. per 1,000 
Population 





Pneumoconiosis O 
Bronchiectasis O 
Tumor O 
Metastatic malignancy 5. 
Pleural thickening O 
Substernal thyroid O 
Atelectasis O 





TABLE IV 
e REINFECTION TUBERCULOSIS. TOTAL REJECTED 136 














Percentage | 
a E Per 
à of All eet 
No.  Tubercu- p? 
Popula- 
losis tion 
Cases 
A. Healed 65 47+ 6.5 
Active 71 52 + E 
B. Previous history 
of tuberculosis — 46 33+ 4.6 
No history go 66 + ).O 
C. Positive history 46 cases 
Active 20 14+ 2.0 
Healed 26 19 4- 2.6 
D. No history 9o cases 
Active* 61 T. 5.1 


Healed 39 28 3.9 


* 14 active cases had cavities; 1.4 cases with cavities per 1,000 


population. 

The healed cases, likewise, are of no 
immediate problem. The number that 
have healed never being aware of their 
disease is 50 per cent greater than those 
who have been treated. 

What is of significance, from the public 
health standpoint and to the individual, 
are the § cases per 1,000 going about with 
active lugg disease without symptoms, 
unaware of their illness. That this can be 
extensfve Is evident on some of the cases 
examined. Twenty-eight per cent of this 
group have cavities. 

CONCLUSIONS 


1. Roentgen examination offers 
best present method of detecting the small 
eminimal tuberculous lesions. 
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2. The 4 X $ inch stereo film is the most 
satisfactory for chest surveys. It is more 
economical and easier to handle than the 
conventional single 14 X17 inch film and 
has the same, if not better, diagnostic ac- 
curacy. 

3. The incidence of reinfection tuber- 
culosis in a cross section of healthy adult 
male population between the ages of 
twenty-one and thirty-five is between 1.2 
and 1.35 per cent. Of this group over ṣo 
per cent are active or have an arrested 
disease. Two-thirds of those with rein- 
fection tuberculosis are not aware of hav- 
ing or having had the disease. 

4. Widespread tuberculosis with cavi- 
tation can be present without symptoms. 
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THE ROENTGENOLOGIC DIAGNOSIS OF DILATATIONS , 
OF THE SPINAL CORD VEINS* 
REPORT OF A CASE 
By BERNARD S. EPSTEIN, M.D., and LEO M. DAVIDOFF, M.D. 


BROOKLYN, NEW YORK 


ENOUS dilatations of the spinal cord 

is an uncommon condition which is 
dificult to diagnose clinically. Routine 
roentgenographic examinations of the spine 
offer no help. In 1927 and 1929 two cases 
were reported in which iodized oil mye- 
lography revealed a peculiar distribu- 
tion of droplets of oil over two or more 
vertebral segments.*:’ These were the 
first instances in which the roentgeno- 
graphic findings were important. Black 
and Faber! reported a case in which the 
appearance of a Froin syndrome, a Queck- 
enstedt test changing from negative to 
positive after removal of spinal fluid from 
below the lesion and alterations in the dis- 
tribution of 1odized oil within the spinal 
canal as seen on mvelograms was believed 
indicative of spinal venous dilatations. 
Buchanan and Walker? also noted a pe- 
culiar distribution of oil within the spinal 
canal in a patient five vears old. Thev did 
not consider this appearance characteris- 
tic of any specific entity. 

Intraspinal vascular dilatations may 
occur as frue dilatations of the pial veins, 
as arterial or arteriovenous aneurysms 
or as hemangiomas. Because individual 
instances of arterial ¿or arteriovenous 
aneurysms can be distinguished onlv with 
diffculty from true venous dilatations 
these two groups can be separated only on 
morphologic differences. They occur with 
approximately equal frequency and form 
go per cent of the cases reported.’ The 
hemangiomas form a separate group and 
are neoplastic. 

One of the two usual explanations of- 
fered for the presence of non-neoplastic 
venous dilatations is the existence of some 


interference in the spinal venous circula- 
tion which results in varix formation. This 
concept is supported by the findings 
recently reported by Hare and Everts.’ 
They describe a patient who developed 
calcifications within the spinal canal after 
an injury. Twenty-five years later varicese 
were found above the calcific area at oper- 
ation, and they concluded that slowing of 
the venous circulation by pressure of the 
lime salt deposit had resulted in the for- 
mation of varices. The second explanation 
is the presence of congenital anomalies in 
the development of the veins resulting in 
angiomas.’ The case we are reporting 
probably falls into the latter group. 

The importance of the condition de- 
pends on the extent of the dilatations and 
the resultant increase in intraspinal pres- 
sure. Minute dilatations may exist with- 
out producing symptoms, such as have 
been mentioned by Kaydi* in patients who 
had no evidence of central nervous system 
disease. 

The distribution of iodized oil. within 
the spinal canal offers a roentgenologic 
approach to the diagnosis which 1s worthy 
of more detailed description. The dilated 
veins lie in the spinal canal surrounded by 
the cerebrospinal fluid. Depending on the 
degree of engorgement, various presstre 
points may be produced within the spinal 
cord and the circulation of the spinal fluid 
may be impeded. Inasmuch as the veins 
may on occasion be dilated an@ at other 
times collapsed, a constant roentgenogra- 
phic picture should not be anticipated. If 
the fluid is displaced by the iodized oil, the 
varices dilated at the time show up as a 
pattern of negative serpentine shadows 


° 
* From the Radiologic Service of M. G. Wasch, M.D., and the Neurosurgical Service of L. M. Davidoff, M.D., The Jewish Hospital 


of Brooklyn. 
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because the oil cannot cover the dilated 
* veins. 

We are presenting a fifth case with 
roentgenographic findings. The diagnosis 
was established preoperatively by one of 
us (L. M. D.) on the basis of the mvelo- 
egrams. 


REPORT OF CASE 


J. S., male, aged forty-three, had noted pins 
and needles sensations over the right buttock 
and the right lower extremity for eleven years. 
The onset of the paresthesias was sudden, and 
the initial attack lasted two weeks and then 
disappeared spontaneously. Since then there 
ehad been frequent recurrences varying from a 
few minutes to several hours in duration and of 
varying degrees of pain. These episodes ap- 
peared without apparent cause and disappeared 
without sequelae. The patient had noted dif- 
ficulty in starting and stopping his urinary 
stream for about ten vears before admission. 
Five years ago cystoscopic examination and ex- 
amination of the prostatic secretion were re- 
ported as normal. 

The patient remained in relatively good 
health until one year ago. At that time he noted 
weakness of his right lower extremity and 
stumbled frequently, most often with his right 
foot. Two weeks before admission dull constant 
pain in the lower spinal region appeared, and 
one week later there was numbness without 
paresthesia of the right lower limb. The day be- 
fore admission numbness appeared in the left 
foot. He had had three episodes of uncontrolla- 
ble shaking of the right lower extremity during 
the five months before admission. Each episode 
lasted about five minutes. 





Fic. 1. "Spot" roentgenogram taken under roent- 
genoscopic control demonstrating a large Varix in 
the lower cervical region. The varix is outlined by 


Physical Examination. The patient was well the parallel serpentine distribution of the iodized 
developed and nourished. He walked with dif- oil. A smaller varix $s seen in the mid-cervical and 
ficulty, his right leg was stiff and he shuffled his upper thoracic region. " 


right foot along the ground. There was a posi- 
tive Romberg sign, although he did not fall to spines. There was loss of position sense of the 
any particular side. The motor power of the big toes. The finger-to-nose test was performed 
neck, upper extremities and trunk was good. satisfactorily. The heel-to-knee test showed 
There was weakness of both lower extremities, marked loss of position sense bilaterally. There 
particularly in the right hamstring group. was no dysdiadokokinesia. 

Moderate hypesthesia from the level of the Examination of the cranial nerves showed no 
seventh and eighth thoracic segments to the evidence of abnormal responses. The Babinski 
frst lumbar segment anteriorly and posteriorly | reaction was doubtfully positive on both the 
was present. Below the first lumbar segment the — right and left sides. The knee jerks, ankle jerks, 
hypesthesia was less marked. The perception of biceps, triceps, radial and ulnar reflexes were 
vibration was absent from both lower extremi- e intact. There was tenderness over the spine 
ties, and just perceptible at the anterior iliac from the twelfth thoracic to the fourth lumbar 
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FIG. 2. £,“ spot" roentgenogram showing varix at the level of the tenth, eleventh and twelfth thoracic verte- 
brae. B, roentgenogram taken three days later showing alteration in the distribution of the iodized oil. 
Another varix at the level of the seventh thoracic vertebra can be demonstrated. 


e 
veptebrae. The rectal sphincter tone was good. 
The abdominal reflexes were absent. 

Spinal tap showed an initial pressure of 138 
mm. of water, which fell to 84 mm. of water 
after the withdrawal of 10 cc. of fluid. There 
was no evidence of manometric block. The total 
protein was 120 mg. per 100 cc. Globulin was 2 
plus. The Wassermann reaction was negative. 

Direct roentgenographic examination of the 
spine showed no evidence of an osseous patho- 
logical condition. The measurement of the inter- 
pedicular spaces according to the Elsberg and 
Dyke curve was normal. 


Examination of the spine after the introduc- 
tion of 2.5 cc. of iodized oil showed no evidehce 
of block. Roentgenoscopic inspection revealed 
free flow of oil from the caudal sac to the cervi- 
cal region. Roentgenographic examination re 
vealed the of numerous negative 
shadows with smooth, parallel sides. These were 


presence 


present in the lumbar, thoracic and cerfical re- 
gions, and measured up to 1 cm. in width. The 
findings were interpreted as due to serpentine 
venous dilatations over the entire spinal cord. 
A laminectomy exposing the seventh, eighth 
and ninth thoracic. vertebrae was performed. 


N VoL. 49, No. 4 
s 


Incision of the dura revealed a thick vermiform 


* varix about § mm. in diameter on the dorsal as- 


pect of the cord extending cephalad and caudad 
beyond the limit of the operative field. The 
varix was bluish red, and as far as could be as- 
certained did not appear to be thrombosed at 


this particular site. The lesion was considered 


inoperable and the wound was closed in layers. 
Following operation the patient was in con- 
tinual severe pain. He died suddenly about two 
weeks later. Autopsy permission could not be 
obtained. 
COMMENT 


From a clinical point of view, the varia- 
tion in the symptoms with exacerbations 


"and marked remissions may be significant 


for this type of lesion since it probably 
indicates variations in the degree of vascu- 
lar dilatation in the lesion. Another very 
Important point is the considerable in- 
crease in total protein in the cerebrospinal 
fluid (120 mg. per 100 cc.) in the absence 
of a manometric block. This would sug- 
gest that transudation mav occur through 
the thin-walled blood vessels which com- 
prise the lesion. 

We believe, as was true in our case, 
that the diagnosis can be made from lipio- 
dol myelographv, but that the above 
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points in the clinical record may lead to a 

suspicion of the correct diagnosis before 

myelography 1s done. 
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By STUART N. ROWE, M.D., F.A.C.S., and HAROLD W. JACOX, M.D. 


From the Landon Surgical Clinic and the Department of Radtation 


Therapy, Western Pennsylvania Hospital 


PITTSBURGH, PENNSYLVANIA 


HE treatment of patients suffering 
from gliomas of the brain is for the 
most part unsatisfactory and as depress- 
ing as is the treatment of rapidly growing 
neoplasms in other parts of the bodv. 
However, we have been impressed bv the 
good palliative results often obtained in 
seemingly hopeless conditions by opera- 
tion and subsequent irradiation, and have 
been prompted thereby to review our ex- 
perience in this field. We have collected a 
group of cases of known cerebral gliomas 
(excluding pituitary neoplasms, metastat- 
Ic tumors and meningiomas) and a group 
with strong presumptive evidence of such 
a lesion, with follow-up observation of at 
least one year of the patients who are liv- 
ing. The known tumors consisted of 8 
glioblastomas (multiforme), 6 medullo- 
blastomas, 5 astrocytomas, and 2 mixed 
gliomas. In 12 patients no tumor tissue 
could be obtained at operation. From the 
standpoint of location there was a wide 
diversity, essentially every area of the 
brain being represented with the exception 
of the occipital lobe. These 33 cases have 
not beer? considered adequate material 
for a statistical study, but we feel they 
indicate the trend of our clinical experi- 
ence. ° 
While it is the purpose of this paper to 
discuss therapy primarily, one or two re- 
marks concerning diagnosis may be apro- 
pos. In several instances delay in estab- 
lishing the diagnosis may have handi- 
capped the treatment. The error usually 
resulted from the incorrect interpretation 
of an isolated symptom such as vomiting, 
generalized convulsions, or impaired vi- 
sion. We have been impressed with the 


value of ventriculography and have em- 
ployed it in two-thirds of these patients. 
Although its use appears to be a confes- 
sion of weakness in neurological localiza- 
tion or diagnosis, we feel that the benefits 
derived are manifold. The ventriculogram 
permits a minimal-sized surgical exposure 
and to some extent indicates the depth of 
the lesion, and even 1f the tumor cannot 
be reached at operation the films pravide 
a reasonable basis for diagnosis and local- 
ization. This last point may be very vital 
in deciding upon the use of radiation 
therapy and choice of fields if it 1s used. 
We have found postoperative ventriculo- 
grams much more difficult to carry out 
adequately and to interpret. 

In the cases of verified tumor only one 
gross error of localization was made—the 
rather classic one of mistaking a tumor 
close to the third ventricle for a lesion in 
the posterior fossa. Fortunately, this pa- 
tient survived the negative cerebellar ex- 
ploration as well as a later ventriculogram 
and correctly placed surgical attack (see 
Case 111). 

The effects of operation alone were dif- 
ficult to determine. The time interval be- 
tween the surgery and irradiation was 
usually short—varying from ten days to 
two months with an average of thtee 
weeks— thus permitting estimation of im- 
mediate results only. On this basis, as far 
as could be judged, about half the patients 
were definitely benefited by surgical re- 
moval of the tumor or by decompression. 
Doubtless in an additional group seme of 
the later improvement was related to 
operation as well as to irradiation, a point 
which will be considered below. 


* Read before the American Academy of Neurological Surgery, San Francisco, California, Nov. 16, 1941, and the Pittsburgh Surgical 


Society, Jan. 16, 1942. 
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EXPERIENCES WITH ROENTGEN IRRADIATION 
FOLLOWING OPERATION ON BRAIN TUMORS* 
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The technique of the roentgen therapy 
,' Was not marked by startling innovations. 
" Instead of adopting any fixed numerical 
maximum exposure, we aimed to irradiate 
each patient to the limit of his tolerance. 
Treatment with high voltáge roentgen 
tays (200 kv. and o.5 mm. copper filtra- 
tion) was begun slowly in an effort to min- 
imize the reaction— particularly elevation 
of intracranial pressure—but if the pa- 
tient's general condition and the tolerance 
of the scalp would permit, rather large 
total amounts were given (up to 3,400 r, 
measured 1n air, to one portal and totals 
ef 7,700 r divided among four portals). 
Usually exposures of 100 to 200 r were 
given daily except Sunday, for approxi- 
matély three weeks. Subsequent series 
were administered chiefly when the begin- 
ning of a clinical decline indicated their 
need (unless the condition of the scalp 
demanded further delav), the shortest 
interval between series being four weeks. 
We have not used radiation therapy 
through the open wound. 

Obviously numerous factors affect the 
results of roentgen treatment (location of 
the tumor, size of the tumor, age and gen- 
eral condition of the patient, etc.), but 
certainly the pathologic type of neoplasm 
Is of primary importance. 

The glioblastoma multiforme (or spon- 
gioblastoma multiforme) is perhaps the 
most discouraging type of cerebral tumor. 
Frequently the lesion is far advanced 
when seen by the neurosurgeon, usually 
its depth and extent make complete re- 
moval impossible, and even after block 
resection its tendency to recur is noto- 
rious. Here would seem to be an ideal field 
for roentgen therapy. However, we have 
encountered two difficulties: First, a 
number of our patients were so ill that 
the burden of large amounts of roentgen 
radiation could not be added. Even with 
preliminary decompression or partial re- 
moval, adequate therapy could not be 
tolerated by the patient and the general 
down-hill course could not be halted. In 
another group the tumor was apparently 
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unaffected by irradiation and continued 
its rapid growth. In approximately half 
our patients the results were hampered by 
one or the other of these factors. In the 
remaining cases, particularly when most 
of the tumor could be removed and exten- 
sive irradiation tolerated, worthwhile pro- 
longation of the patient's confortable and 
useful life occurred. Such a result is illus- 
trated by the following case: 


Case 1. L. M., white male, aged forty-five, 
was well until two years before admission when 
he suddenly experienced a jin. spell, fol- 
lowed by severe headache. A vear before en- 
trance the same thing happened again and this 

was followed by nausea and vomiting and occa- 
sional headaches. The headaches gradually be- 
came more severe and in the last nine months 
were localized to the left temporal region. 

The patient was first studied by one of us 
(S.N.R.) in the Veterans’ Administration Facil- 
ity, Aspinwall, Pennsylvania, where the clinical 
picture was suggestive of an intracranial aneu- 
rysm with repeated subarachnoid hemorrhage. 

When he was seen two months later neurolog- 
ical examination showed choked discs of about 
two diopters, complete loss of the temporal 
visual field on the right and slight cutting of the 
nasal field of the left eye, and a marked mixed 
aphasia. Ventriculograms disclosed a shift of 
the entire ventricular system to the right, and a 
defect in the temporal and parietal portions of 
the left lateral ventricle. 

At operation (November 2, 1940) a large, in- 
filtrating, partly necrotic tumor was almost 
totally removed from the posterior jfortion of 
the left temporal and anterior part of the left 
parietal lobes. Microscopic section showed a 
typical glioblastoma multiforme. 

Eleven days postoperatively the patient re- 
ceived the first of a series of high voltage roent- 
gen treatments to two portals, cross-firing the 
left temporoparietal region. Each portal re- 
ceived 2,100 r (measured in air) within a period 
of eighteen days at the rate of 200 r per day. 

The patient made a steady recovery with 
complete disappearance of all symptoms and 
more than one year after operation remains in 
good condition. He has been working full time 
for the past six months. 


. Medulloblastomas are generally con- 


sidered to be the most radiosensitive of the 
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gliomas,— 
roentgen therapy has been advocated for 
clinically suspected tumors of this type. 
Fearing the development of fatal medul- 
lary compression we have not used such 
preoperative treatment. Despite their 
radiosensitivity the clinical response to 
irradiation was less than we anticipated in 
our serles. The failures seem to result 
either from a tendencv of the tumor to be- 


come radioresistant or the development of 


cord metastases which recurred in spite 
of intensive therapy. It may be argued 
that the latter difficultv ensues because 


the operative attack leads to seeding of 


the tumor down the spinal canal but in 
one instance in this series spinal metas- 
tasis occurred before operation. The fol- 
lowing case is representative of our experi- 
ence: 

Case 11. A. Z., male, aged seventeen, referred 
by Dr. S. B. Meyers, of Johnstown, Pennsyl- 
vania, had been troubled for about one year by 
dizziness upon bending over. Five months be- 
fore entrance left-sided tinnitus, headaches and 
pain in the back of the neck followed by nausea 
and vomiting developed. These symptoms be- 
came steadily worse until admission. 

Examination revealed only very slight bi- 
lateral signs of cerebellar dysfunction and bi- 
lateral papilledema of four dipoters. Routine 
roentgen examination of the skull showed prom- 
inent convolutional markings in the frontal and 
parietal regions, but no other abnormalities. 
Ventriculograms demonstrated enormous dila- 
tation of the lateral and third ventricles with 
obstruction of the lower end of the aqueduct. 

The usual suboccipital graniectomy revealed 
a soft reddish tumor in the left cerebellar hemis- 
pRere which also infiltrated the vermis and the 
floor of the fourth ventricle. Only a small por- 
tion of the tumor was removed for biopsy, the 
pathologic report being “‘protoplasmic astrocy- 
toma." 

Beginning ten davs postoperatively the pa- 
tient received 3,000 r (measured in air) in 
twenty days to a field 8 by 10 cm. in size di- 
rectly over the cervico-occipital region, given at 
the rate of 100 to 200 r per day. He made an ex- 
cellent recovery and was normal except for 


slightly impaired vision for three months when, 


he returned complaining of numbness of the 
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right leg and left chest, suggesting spinal cord 
involvement. During hia admission 1,400 r to. 
each of three long narrow portals over the entire ' 
spine was given and the symptoms disappeared. 
He returned in four months with signs and? 
symptoms of cerebellar recurrence and 2,500 r 
was given to the suboccipital region and 600 r 
to each of three portals over the spine. The pa- 
tient showed only slight response, however, and 
died two and one-half years from the date of 
onset or one and one-half years from the begin- 
ning of treatment. 


[n retrospect it is possible to see several 
defects in the handling of this patient. 
The biopsy was somewhat traumatized— 
which contributed to the erroneous patho- 
logic diagnosis. Furthermore, when the 
spinal metastasis indicated the correct 
diagnosis of medulloblastoma, therapy 
was not given over the cerebrum. Al- 
though no clinical evidence of such a le- 
sion existed, it 1s barely possible that 
intraventricular metastases may have 
been present. Nevertheless, the local re- 
currence of the tumor despite previous 
heavy irradiation emphasizes the terminal 
radioresistance of this tumor. 

It is generally agreed that astrocytomas 
grow slowly, are radioresistant, and oc- 
casionally are amenable to complete sur- 
gical extirpation. On the basis of these 
beliefs irradiation is used relatively infre- 
quently in combatting such tumors and 
our experience is limited to § patients, 
who for varving reasons received therapy. 
Two of these appeared to be benefited, 
and a summary of the record of one may 
be of interest. 

Case 111. P. G., female, aged six, one of a set 
of twins, referred by Dr. M. H. Weinberg, was 
in good health until September 1, 1939, when 
she began to have intermittent projectile vomig- 
ing, unsteadiness of gait and balance, impaired 
vision and urinary incontinence. These symp- 
toms progressed during the four months before 
her admission. Examination showed the classi- 
cal signs of a cerebellar tumor of the left hemi- 
sphere with no evidence of brain stem involve- 
ment. 

Ventricular estimation indicated an internal 
hydrocephalus. Operation (January 4, 1940) 
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using a cerebellar approach did not reveal the 
, tumor. Subsequently a ventriculogram disclosed 
a defect in the third ventricle. Through a right 
transfrontal approach (January 12, 1940) ap- 
proximately one-third of an infiltrating tumor 
near the anterior part of the third ventricle was 
removed. Microscopically the tumor was an 
astrocytoma. 

The patient had a very stormy and slow con- 
valescence and remained in a state of decere- 
brate rigidity for weeks. Nevertheless, high 
voltage roentgen therapy was started seventeen 


days after the second operation and a total of 


1,800 r (measured in air) was given to an ante- 
rior frontal and toa right and left temporal por- 
&al in twenty days. The child began to improve 
slowly anda year later was essentially symptom- 
free with the exception of a slight left hemipare- 
sis, impaired vision, and occasional petit mal 
attacks. Because of the epilepsy 1,800 r was 
given to each of three portals exactly as before. 
Again improvement occurred and has been 
maintained for two vears since the first opera- 
tion. 

Obviously this is a slowly growing neoplasm; 
however, it reached a point of producing nearly 
complete blindness and high intracranial pres- 
sure four months after symptoms began, where- 
as the child's present condition is reasonably 
good two years after treatment was instituted. 


An unusual instance of a mixed glioma 


is worthy of mention. Definite evidence of 


extensive necrosis of the tumor and great 





Case I 
right frontal oe destruction, intracerebral calci- ane 
fication, erosion and enlargement of the sella tur- * in twelve davs, Cross- fring the anterior half of 


Fi, i. Roentgenogram of skull showing 


cica. The tumor proved to be a large mixed glioma. 
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Posteroanterior projection showing 


Case Iv. 
peculiar bone destruction in the right frontal re- 
gion and increased density in the right orbital cav- 
ity. 


FIG. 2. 


decrease in the vascularity of the overly- 
ing tissues were found at operation follow- 
ing irradiation. 


Case iv. M. C., male, aged thirty-three, 
laborer, referred by Dr. R. B. Meyers, of Johns- 
town, Pennsylvania, noticed flashes streaking 
across his field of vision in November, 1936. He 
also had involuntary shaking of his right leg 
and foot. Four months later his vision began to 
dim gradually and this progressed almost to 
blindness in five months. A month before hos- 
pitalization the right eye began to protrude. 

Upon admission in October, 1937, the most 
striking finding was the marked proptosis of the 
right eye. There were also clonic contractions of 
the right lower extremity. Roentgen examina- 
tion of the skull showed erosion of the posterior 
clinoid processes and floor of the sella. There 
were small, irregular areas of bone destr uction 
in the right frontal, pariet tal, and occipital fe- 
gions, increased density in the right orbit, and 
right frontal calcification (Fig. 1 and 2). On Oc- 
tober 20, 1937, a right subtemporal decompres- 
sion was performed. Biopsy of the bone (No- 
vember 11, 1937) adjoining one of the right 
frontal defects showed nothing abnormal. 
both operations extreme vascularity of all tis- 
sues was noted. 

Beginning one month postoperatively he re- 
ceived a total of 1,200 r to each of three portals 


the skull. 


There was definite improvement in 


Stuart N. 





Fic. 3. Case 1v. Photomicrograph of mixed glioma 
following irradiation. The border of a large area of 
necrosis is seen in this field. Hematoxylin and eosin 
stain; low power. 

the proptosis and later 1,800 r was given to 

each of the same three areas in thirty-one days. 

Again there was improvement, but the patient 

developed a cerebrospinal rhinorrhea. 

On November 25, 1938 a right transfrontal 
craniotomy was performed and a degenerated, 
necrotic tumor 6 or 7 cm. in diameter, occupy- 
ing the greater part of the right anterior cranial 
fossa, was removed. Microscopically this proved 
to be an interesting mixed glioma, for the most 





Fic. 4. Case v. Ventriculogram showing displacement 


of the entire ventricular system to the right ande 


dilatation of the right lateral ventricle. 
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Jacox 


part resembling astrocytoma but MA areas 
of definite glioblastoma multiforme (Fig. 3). 


This type of tumor has recently been discussed * 


by Munro, Edwards and Russell. 


Ten days postoperatively a third series ofe 


roentgen treatments consisting of 1,%00 r to 
each of four portals was given in nineteen days. 
Again he was improved for about six month 
when the proptosis became worse and the vision 
almost nil. A final course of 2,700 r was given to 
one large anterior frontal portal in ten days. He 
was fairly comfortable up to his death at home 
three years and four months after the onset of 
symptoms and nearly two and one-half vears 
after the first hospitalization. 





Case v. [n the lateral ventriculogram the di- 


FIG, $. 
lated right lateral ventricle and the absence of fill- 
ing of the parietotemporal portions of the left 
lateral ventricle are illustrated. 


There remains the group of patients in 
whom no tumor tissue was obtained at 
operation. Should one irradiate the un- 
verified tumor? Certainly the decision 
must be made in each case on its own 
merits. 
diagnosis or localization, the mistake 
usually becomes apparent soon after the 
surgical attack and obviously irradiation 
should not be undertaken. But when the 
failure of verification is due to the deep 
situation of the tumor and strong Clinical 
and ventriculographic evidence of its pres- 
ence are at hand, roentgen therapy has 
proved very helpful in our experience. In 


more than half of our group of 12 cases of 


this type marked clinical improvement 


Where there is a gross error of 


7 
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has been obtained. One very striking ex- 
eample indicates the problems involved as 


well as the results of therapy. 


* Case v. M. N., white female, aged twenty- 


one, referred by Dr. Martin, of Duquesne, 
Pennsylvania, came to the Western Pennsyl- 
vania Hospital in July, 1938, for relief of con- 
vulsions which she had had for three years. The 
convulsions were jacksonian in type on the 
right and increasing in frequency. For three 
months she had noticed blurring of vision in the 
left eye. 

Neurological examination showed only bi- 
lateral papilledema and slight reduction of vis- 
ual acuity. The patient had a linear area of left 
frontal scleroderma (of long standing) which 
extended across the forehead to the nose. 

Routine roentgenograms of the skull showed 
evidence of considerable increase in intracranial 
pressure. Ventriculograms showed moderate 
enlargement of the right lateral ventricle and a 
shift of both lateral ventricles and the third ven- 
tricle to the right (Fig. 4 and 5). 

At a left parietotemporal craniotomy on 
August 2, 1938, the brain was under great pres- 
sure, and no tumor could be seen or reached 
with a brain cannula. Nine days later a second 
attempt was made through an incision in the 
left temporal lobe but no neoplasm was found. 

Two months later the decompression was 
bulging and a series of high voltage roentgen 
treatments was given over both sides of the 
head. Two thousand roentgens (measured in 
air) was given to each temporoparietal portal in 
fifteen days. The bulging disappeared two 
months after completion of the treatments and 
the patient became almost entirely normal. 

Seventeen months later the patient devel- 
oped aphasia, weakness and tremors of the 
right upper extremity and occasional short at- 
tacks of unconsciousness. Fifteen hundred 
roentgens was applied to three smaller pertals, 
but otherwise exactly as before. 

„During the first month after the second series 
of treatments the patient suffered one jackson- 
ian attack accompanied by aphasia and pain in 
the left parietal region. Another ventriculo- 
graphic study showed the left lateral ventricle 
obstructed and pushed upward and outward in 
its posterior third. The third ventricle could not 
be seen. A third left parietotemporal craniot- 
omy failed to reveal the tumor, though a trans- 
cortical incision was carried to a depth of 5 cm. 

When seen six months after the second series 
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of roentgen treatments the patient was in fair 
condition and was troubled only by moderate 
motor aphasia. At present she lives at her par- 
ents’ home where she does much of the house- 
work. She has had brain tumor symptoms for a 
total of six years, and has been under treatment 
over three years. 


DISCUSSION 


What proof is there that high voltage 
irradiation has any effect on most gli- 
omas? The natural tendency is to attempt 
to answer the question on the basis of 
histologic sections before and after irradia- 
tion. It is obviously difficult to obtain 
tissue for post-irradiation examination in 
many cases. Furthermore there are sev- 
eral possible sources of error in this 
method: (1) changes in a tumor which are 
presumably the result of roentgen irradia- 
tion can be demonstrated histopatho- 
logically when the patient has shown 
little if any corresponding clinical im- 
provement; (2) all the histologic changes 
which iradiation produces within a gli- 
oma may also occur spontaneously; (3) 
varving areas within the same tumor may 
present widely different histopathologic 
pictures. The shortcomings of this method 
have been recognized by others. ?' 

The only other way of evaluating the 
results of roentgen irradiation is on the 
basis of the clinical course. This, too, has 
its pitfalls. It is difficult to separate the 
effects of operation from the effects of 
irradiation, or vice versa. Although a 
fairly accurate standard of life expectancy 
for a given tvpe of glioma has been set up, 
it is practically impossible to predict thee 
natural course of the disease for a given 
patient, in whom the duration, extent and 
location of the lesion cannot be sharply 
defined. 

Nevertheless, we feel that in some cases 
it is possible to demonstrate clear-cut evi- 
dence of clinical improvement due to 
irradiation and believe that if reasonable 
caution is exercised, this method offers a 
satisfactory means of evaluating the ther- 
apy. Occasionally a false impression of 
the effectiveness of therapy might be 
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given by a slowly growing type of tumor. 
Because of this we have emphasized the 
preoperative duration of symptoms in 
discussing the postoperative and post- 
irradiation result in each case. Again late 
Improvement may sometimes be the re- 
sult of surgical treatment rather than of 
roentgen therapy. However, in several 
patients the response to operation was so 
slight and improvement following roent- 
gen irradiation so definite that there could 
be little question of the effectiveness of 
the latter. In addition, a number of pa- 
tients showed a definite response to 
irradiation at a stage when their gain from 
previous surgical or roentgen therapy was 
rapidly waning. Cases 111 and v illustrate 
this point very well. 

In conclusion, we do not wish to leave 
the impression from the discussion or il- 
lustrative cases that we regard roentgen 
therapy as a panacea in the management 
of gliomas. As has already been stated, 
approximately half our cases followed a 
rapid down-hill course. However, the 
number of patients in the remaining 
group who obtained substantial prolonga- 
tion of useful life as a result of operation 
and irradiation seems to justify the con- 
tinued use of these methods even in cases 
of an apparently hopeless character. 

Doubtless the accumulation of addi- 
tional clinical and pathologic studies will 
eventuadly enable more accurate progno- 
sis as to the results of roentgen therapy in 
gliomas, or lead to discovery of other 
more effective methodgof treatment. 


* SUMMARY 


I. The best results of combined surgical 
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and roentgen therapy seem to be obtained 


when most of the tumor can be removed', 


and intensive irradiation given without 


dangerously increasing the intracranial, 


pressure. E 
2. There are frequent exceptions to the 

usually accepted rules as to the radio? 

sensitivity of various types of glioma. 

3. In dealing with brain tumors which 
are inaccessible surgicallv, decompression 
and irradiation may occasionally produce 
prolonged benefit. 

4. Approximately half the patients in 
this series died within one vear regardless 
of surgical or roentgen treatment. How? 
ever, at the present time it is Impossible 
to determine before treatment is begun 
which patients will fall into this hopeless 
group and which mav be definitely bene- 
fited by treatment. 

5. We believe that one is rarely justified 
in refusing operation or roentgen therapy 
or both even to the patient who presum- 
ably has an advanced, highly malignant, 
or deeply situated brain tumor. 
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.tained from the applications of radium and 
the local cleansing procedures employed, 
and the like. The.radium technique we em- 
ploy may be referred to as a broken-dose, 
intensive method. The filters, treatment 
time, distribution of the dose throughout 
the involved area, and the time interval 
between treatments are so selected as to 
meet the individual requirements of the 
patient. At the end of a complete course of 
radium therapy, which usually requires 
about three weeks for a patient with a 
Stage 11 cancer of the uterine cervix, a 
supplemental course of roentgen therapy i is 
administered. A follow-up examination 
carried out every three months for the first 
year,is recommended. We have found the 
method? very satisfactory in that it allows 
a very wide range of individualization. 

From 1915 to 1929, inclusive, we found 
that 8.7 per cent of the patients referred 
for radium therapy had lesions of Stage 1 
and Stage 11, and that 91.3 per cent had le- 
sions of Stages HI and iv based on the 
League of Nations classification.* 

Our five year "cures" obtained with 
radium treatment and supplementary 
roentgen therapy, based on 1,491 patients,” 
according to stage, were as follows: Stage 1, 
69.2 per cent; Stage r1, 60.2 per cent; Stage 
III, 29.7 per cent and Stage 1v, 6.5 per cent. 

Surgical operation is confined in selected 
cases to lesions of Stages 1 and 11. The rate 
for five year "cure" of cancer of the cervix 
by total abdominal hysterectomy with ir- 
radiation, based on 165 patients seen from 
191O to 1938, inclusive, was 57.1 per cent 
of the traced patients." 

n this study we considered surgical 
methods as constituting a rather standard- 
ized procedure. Excellent radical operative 
procedures have been evolved which are 
employed"by skilled surgeons every where. 
As Masson" has said, “The type of surgical 
procedure indicated for carcinoma of the 
uterus will probably never be improved." 

Next in importance to the stage or ex- 


~ tent of the lesion is the microscopic grade 


of the cancer, which has been recognized to * 
be in the main of surgical prognostic 1m- 
e 
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Tase III 


RESULTS OF RADIATION THERAPY FOR CARCINOMA OF 
THE UTERINE CERVIX, BASED ON THE GRADE 
OF MALIGNANT CHANGE 


Patients 
Lesion, Lived 5 years or more 
Grade Treated | Traced after treatment 
Number | Per cent* 

I g 5 2 40.0 

2 13$ 122 40 32.8 

3 407 362 125 34.5 

4 336 307 105 34.2 
Total 883 7967 272 34.2 


* Percentage of traced patients. 
t 90.7 per cent traced; total, 1,491 patients. 


portance in that patients who have a low 
grade lesion do well, whereas patients who 
have a high grade lesion do poorly, after 
surgical intervention. In our own expe- 
rience, of patients referred for radium ther- 
apy of cancer of the cervix, only 16 per cent 
had lesions of Grades 1 and 2, and 84 per 
cent had lesions of Grades 3 and 4. 

With the individualized radium therapy 
employed, and on the basis of a survival of 
five years, results of treatment of carcinoma 
of the cervix show that lesions of Grades 3 
and 4 are no more fatal than are lesions of 
Grades 1 and 2. Patients who had Grade 1 
lesions were too few to considers but 135 
patients with Grade 2 lesions were followed, 
and of this number 40 patients, or 32.8 per 
cent, lived five or*more years. There were 
407 patients with Grade 3 lesions, and,of 
these 125, or 34.5 per cent, lived five years 
or more. There were 336 patients with 
Grade 4 lesions, and of these 105, or 34.2 
per cent, survived five years or more. The 
five year "cure" rate computed according 
to grade of lesion is shown in Table 111.1 It 
is seen that the rate is, roughly, the same in | 
all grades, but that only 5 patients with 
lesions of Grade 1 were treated. 

When patients treated by surgery as well 
as by irradiation are added (referring again 
to Masson's study of 1939, embracing ex- 


Tase IV 


CARCINOMA OF THE CERVIX: SURGICAL AND ` 
IRRADIATION RESULTS, I910-1939* 


Malignancy, 


Patients Per Cent of 
Grade Traced § Year Cures 
I $ 60.0 
2 19O0 41.1 
3 678 37-9 
4 511 33.7 


* Adapted from Masson.’ 


perience from 1910 to 1938), the five year 
survival rates computed according to 
grade evolve as shown in Table rv." Pa- 
tients who had Grade 1 lesions obtained 
the best results and those who had Grade 4 
lesions obtained the poorest results Re- 
sults are calculated on the basis of a selected 
group of patients and yet may show the 
influence of standard treatment procedures. 
Evidently, in cases of cancer of the uterine 
cervix, we lack sufficient numbers of pa- 
tients In certain grade and stage groups for 
satisfactory studies of correlation of micro- 
scopic grade with stage, as shown in Table 
v. For example, there were only 10 Stage 1 
cases and 5 Grade 1 cases (Table v) out of 
the total of 883 lesions previously recorded 
in Table 111. There seemed, however, to be 
sufficient distribution of grade in. Stage mI 
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lesions for correlation purposes; although 


again the Grade 1 lesions are too few for ` 


purposes of such a consideration (Table v). 


For correlation determinations we selected , 


Stage 111 lesions of Grades 2, 3 ande4 from 
Table v for computation of survival rates 
of five or more years, and again the sur- 


TABLE V 


CARCINOMA OF THE UTERINE CERVIX TREATED BY 
IRRADIATION ALONE, 19145—1929 
DISTRIBUTION ACCORDING TO STAGE 
AND GRADE OF MALIGNANCY 


Grade e 
Stage Total 
I 2 3 4 

I — — 4 3 "io 

II I II 30 28 70 

III 4 109 322 254. 689 

IV — 15 48 $1 II4 
Total 5 135 407 336 885 


vival rate in each grade in this group rather 
equal: 35.0, 34.1 and 35.1 per cent, re- 
spectively (Table vr). We submit that 
these data, based on a limited number of 
cases, probably indicate the influence of a 
tedious individualized radium therapy tech- 
nique, designed to meet the requirements 


TABLE VI 


* CARCINOMA OF THE UTERINE CERVIX TREATED BY IRRADIATION ALONE: FIVE YEAR 
SURVIVAL RATES ACCORDING TO STAGE AND GRADE, I914—1929 


m Microscopic Grade of Lesion (Broders’ Index) 


T g 2 3 4 e 
Patients Patients Patients 
Stage of 
Lesion Alive 5 years Alive 5 years Alive 5 years ° 
| or more after or more after otmore after 
treatment treat nt t t 
Total | Traced Total | Traced | bod Total | Traced pe 
Num-| Per Num-| Per 
ber | cent* ber |cent* 
I . 09 100 Se. d 3535 322 287 98 | 34.1 264 231 
IV a nu oc 48 41 3 7.3 51 47 


* Of traced patients. 





Vor. 49, No. 4 


of the patient being treated, on the results 
e to. be obtained. 


CANCER OF THE UTERINE FUNDUS 


Cancer of the uterine fundus presents a 
great irradiation therapeutic problem. It is 
tonsidered to be a less malignant neoplasm 
than cancer of the cervix; the rate of 
growth appears to be slower and the tend- 
ency to metastasize develops later. 

If the diagnosis can be established while 
the lesion still appears to be confined 
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still movable. In Stage m1 is revealed ex- 
tension beyond the uterine walls to neigh- 
boring tissues, with beginning fixation. In 
Stage Iv, “frozen pelvis" has occurred, 
often with involvement of the bladder or 
rectum, or both, or a small primary lesion 
has metastasized to distant organs. 

Results of surgical and radiation therapy 
vary according to the stage or extent, and 
also the microscopic grade, of the lesion. As 
Sackett? has reported, panhysterectomy 
with supportive irradiation accomplishes a 


Tase VII 


CARCINOMA OF THE UTERINE FUNDUS: SURVIVAL RATES ACCORDING TO OPERATION 


AND IRRADIATION, 1910-1938* 





Treatment 


Total abdominal hysterectomy with irradiation 
Total abdominal hysterectomy without irradiation 
Irradiation without hysterectomy 


* Adapted from Masson.? 


within the mucosa of the uterine walls, a 
less radical operation than is required for 
cancer of the cervix, and generally ac- 
complished with less risk, usually is cura- 
tive. However, when the disease is ad- 
vanced and has infiltrated surrounding 
tissues or metastasized to other organs, 
worth-while palliation or even cure can be 
secured by radiation therapy alone. 

Cancer of the uterine fundus is a hidden 
lesion, not accessible to inspection and less 
revealing on palpation than 1s cancer of the 
uterine cervix, so that the stage of the 
lesion is more difficult to evaluate. The 
diabnosis must always be established by 
study of the tissue obtained by curettage. 
The stage or extent can be determined only 
by the results of pelvic, general and special 
examinati@ns. We have classified the lesion 
into four stages to correspond to the classic 
four stages of cancer of the cervix. Briefly, 
in Stage 1 the neoplasm apparently 1s super- 
ficial, the uterus is normal in size and is 
freely movable. In Stage 1x, the lesion has 
increased and involves the muscular wall; 
the uterus may be enlarged, although it is 


Died in Hos- “Cured” 5 Years, 
Treated pital, Per Cent Traced Per Cent 
194 I.0 I9I 67.5 
306 8.5 296 66.6 
230 0.9 227 26.9 


five year cure in from 55 to 75 per cent of 
cases in this country; radiation therapy 
alone, in cases in which the disease 1s more 
extensive (precluding surgery) achieves a 
five year survival for from 25 to 50 per cent 
of the patients treated. 

Masson,’ in reviewing data concerning 
patients treated from 1910 to 1938, inclu- 
sive, at the Mayo Clinic, showed that in 
respect to five year survival rates &otal ab- 
dominal hysterectomy with and without 
irradiation yielded almost similar results: 
67.5 per cent and 66.6 per cent, respectively 
(Table vit). 

In later years, more amenable lesions 
have been treated by irradiation in prefer- 
ence to surgery. Better diagnostic methods 
have revealed lesions in earlier chronologic 
stages. But, since cancer of the uterine 
fundus is mainly a postmenopausal condi- 
tion which afflicts women of a later age 
group, many unrelated degenerative dis- 
eases often complicate the picture and in- 
crease the operative risk. In a later review 
eof patients treated by radium alone from 
1925 to 1935, inclusive, our five year sur- 
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vival rate was seen to have increased to 39 
per cent.* Practically a third of all patients 
seen at the Mayo Clinic with carcinoma of 
the uterine fundus have been referred for 
irradiation alone at this particular age 
period because of the extent of the lesion 
and the presence of associated degenerative 
diseases. Our five year survival rate has 
been influenced by the stage of the lesion, 


Tase VIII 


CARCINOMA OF THE UTERINE FUNDUS: 
RESULTS WITH RADIUM THERAPY 


Lesion, Patients Five Year Cures, 
Stage Traced Per Cent 
I Ij 93.0 
It 29 $2.0 
III 32 34.0 
IV 33 6.0 


as is shown in Table vri. The best results 
were obtained for those who had Stage r 
lesions; for them the five year survival rate 
was 93 per cent. The poorest results were 
obtained for those who had Stage rv lesions; 
for them the five year survival rate was 
only 6 per cent. 

Results of this study showed alent that 
determination of stage or extent of the 
neoplasm before treatment, although much 
more difficult in these cases, was accurate 
for prognostic purposes. Radium treatment 
was not individualized, but consisted of 
what may be considered standardized gen- 
eral irradiation along the entire length of 


e TasLE IX 


CARCINOMA OF THE UTERINE FUNDUS 
TREATED WITH RADIUM 








Patients Per Cent of 
rade Traced £ Year Cures 
I 19 79.0 
2 42 33.9 
3 16 25.0 
4 17 12.0 
Not graded I5 47.0 
Total 109 39.0 
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the uterine canal achieved by tandems and, 
single radium tubes, the number of tan- 
dems employed depending on the depth of 
the uterine cavity. 

Results computed according *o the 
microscopic grade of the lesion were sur- 
prising, from the standpoint of the radium 
therapist. Whereas, in cancer of the uterine 
cervix.a lesion of Grade 4 was no more fatal 
than a lesion of Grade 2 (Table v1), high 
grade carcinomas of the uterine fundus 
were definitely more dangerous. Patients 
who had low grade cancer, considered by 
many as "radioresistant," did very weli 


(Table 1x). 


SUMMARY 


Brilliant improvement in surgical tech- 
nique has developed the radical operations 
for cancer of the uterine fundus and for 
early cancer of the cervix to a high degree 
of efficiency. Results in well selected cases 
are excellent, and the operative procedures 
have become standardized in the hands of 
leading surgeons everywhere. The value of 
the present surgical technique has been 
proved and it is likely that no changes in 
the surgical approach will ensue. 

In this study no new data have been pre- 
sented, but we are submitting a- conception 
or perhaps a “philosophy of treatment,’ 
which we have held for a long time. It seems 
very evident that to careful radium thera- 
pists the treatment of cancer of the uterine 
cervix is an individualized scheme. Not 
only do different clinics have varying 
methods of treatment, but the same radio- 
logist will alter his method of attack, on 
different lesions, because the lesions vary 
greatly and also because the rate of re- 
sponse to treatment probably differs with 
the amount of defensive factgrs of the 
patient’s tissues against cancer. It is well 
known that radium can be used as cautery, 
or, if differently applied, will exert not a 
caustic but a healing effect, to which 
the reactions of the normal tissue greatly 
contribute. The latter effect is the most 
desirable in that it maintains to the highest 
degree possible the normal integrity of the 
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‘tissues in and near the involved malignant 


, feld. 


. Cancer of the uterine fundus presents 
the problem of a hidden lesion which is in- 
accessible to accurate estimation of its 
extent. Herein, to date, radium treatment 


ehas been rather standardized, consisting of 


homogeneous irradiation along the entire 
length of the uterine canal. Even though 
the percentage of "cures" or "arrests" se- 
cured with radium treatment alone has 
been encouraging, radiologists have put 
forth every effort to individualize the 
treatment.. Heyman's multiple tube tech- 
aique, the Schmitz Y-shaped applicator 
and the Friedman hysterostat are specific 
instances of this effort. This is encouraging, 
although in view of the nature of carcinoma 
of the. uterine fundus these efforts will 
probably always be limited. 

Radium treatment of cancer of the uter- 
ine fundus yields encouraging results, and 
in the course of time further advances in 
technique may succeed in creating a more 
flexible, less standardized program of treat- 
ment and may produce even superior re- 
sults, comparable to those achieved by 
radium therapy in cancer of the uterine 
cervix. 

~ CONCLUSIONS 

I. The extent of the primary malignant 
lesion of the uterus is the most valuable 
prognostic factor. 

2. The grade of malignant change (Bro- 
ders' index) is a very valuable prognostic 
determination when more standardized 
surgical and radium therapeutic techniques 
are employed. This observation does not 
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seem to be entirely true when individual- 
ized radium therapy is employed in cancer 
of the uterine cervix. 

3. Evidently, the most individualized 
radium therapy designed to meet the de- 
mands of the patient under treatment for 
cancer of the uterus will give the best re- 
sult.* l 
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THE ELIMINATION OF IRRADIATION INJURIES IN 
THE TREATMENT OF CANCER OF THE CERVIX* 


By CHARLES L. MARTIN, EE, M.D., F.A.C.R. 


DALLAS, TEXAS 


Ree has been used successfully in 
the treatment of.cancer. of the cervix 
uteri for about thirty years, and the com- 
bined use of radium and roentgen radiation 
became popular a little more than twenty- 
five years ago. A variety of practical ra- 
dium techniques was perfected early but 
when it was found that the more distant 
extensions of the disease could not be con- 
trolled with radium applied by the vaginal 
route, the evolution of a series of ingenious 
plans for increasing the irradiation effect 
of the periphery of the pelvis began. The 
advent of each new more powerful source 
of external irradiation has stimulated a 
renewed attack on the problem, and rightly 
so, since the total survival rate in large 
-groups of unselected cases is still disap- 
pointing. This paper is written with no 
thought of discouraging those who are 
striving to perfect methods of treatment, 
but rather in an effort to stress the impor- 
tance of the increased morbidity which has 
accompanied many of the new procedures. 
The tolerance of the normal structures 
always has been, and always will be, the 
limiting factor governing the:use of radiant 
energy in the pelvis and it seems evident, as 
. Miller and Folsome!” have pointed out, 
that the most acceptable technique of the 
future will be the one which produces the 
largest number of good results with the 
lotvest morbidity. 

Our interest in this subject dates back to 
.1922, when several severe rectal reactions 
were observed following the use of vaginal 
radium. Soon afterwards, with the assist- 
ance of Dr. Fred T. Rogers, a series of ob- 
servations was carried out on the effect. of 
various doses of roentgen rays applied 
directly to exposed loops of small intestine 
in dogs. Unfortunately, no ionization meas- 


urements could be made at that time, and, 


the changes in the dog's skin were used as 
a dosage indicator. This was not very satis- 
factory because the dog erythema dose was 
found to be much larger than the human 
erythema dose, but a series of changes 
closely paralleling those seen in treated 


_ patients were produced. 


In 1923 it was shown? that the dreed | 


erythema dose for the dog produced con, 
traction of the wall of the intestine with a 
complete destruction of the mucosa, while 
the human erythema dose, as it was*used 
clinically at that time, produced no visible 
changes in the intestine. Since the low 
voltage apparatus used for these experi- 
ments was discarded long ago, it is impos- 
sible to express the doses used in terms of 
roentgens, but by indirect computation it 
has been estimated that the dog erythema 
dose used in this work lies between 3 and 4 
human T.E.D. If these figures be correct, 
this early work indicates that irreparable 
damage of the dog’s intestine 1s produced 
by the administration of such a dose given 
continuously over a short period of time. 
Physical data indicate that the human 
rectum is capable of withstanding larger 
total doses with the accepted plans of 
therapy but no accurate measure of rectal 
tolerance under such conditions is available 
to me. 

In 1924 an attempt? was made to study 
the end stages of the reaction producedeby 
the application of the dog erythema dose to 
a single loop of intestine. In some instances 
the dogs developed a. cachexia, acconr 
panied by a severe diarrhea, fsom which 
they succumbed in about two months. In 
other instances they recovered fróm the 
primary reaction, but died in five or six 
months from obstruction, produced by a 
marked fibrosis and contracture of the ir- 
radiated segment. 


* Presented at the Twenty-seventh Annual Meeting, American Radium Society, Atlantic City, N. J., June 8-9, 1942. 
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Patients having similar changes inr y the 






Mayo Clinic. It is interesting to otd 


these latter authors stated that^' 
damage following radium therapy ^ 
justifiable complication. In 1932 rPe 


ton! described 7 rectal Senes 35 Sit pee 


observed 10 additional cases S Barli D. 
wag published. dá ur 
Some have contended that the- us of a 
prolonged divided dose roentgen-ray itech- 
nique accounts for many of the rectal icom- 
plications, but Healy and Frazèll? found 9 
rectal strictures in a group of 5 Ep: 
treated before the prolonged roent 
procedure was adopted at the. Ne 


bad g 






stad 


almost to cases of intestinal E in 





lesions observed in recent years. 
tributed these changes to blood 
damage resulting from irradiation 
fields with roentgen rays. 

Although irradiation techniques 
been much improved, and many protective 
devices are now in use, intestinal dà age IS 
still produced when vigorous attempts are 
made to cure advanced cases of caste 
the uterus. White? reported 7 suchiiéases 
i 1940, and Wirth, Cantril and: Bu: chkes 

Wi 
observed 6 severe lesions i in patients treated 
with supervoltage roentgen-ray equi ment 
from 1935 to 1938. A very recent repprt by 
Cosbie; published in 1941, covers à group 
of patients treated since 1936, with i odern 
apparatus, and includes 11 cases of severe 
proctitis, with 12 cases of rectal ul¢ tration 
with hemorrhage and stenosis. The! rotec- 
tion of the intestinal tract requires much 
skill when heavy doses of roentgefi_ ays arg 
delivered directly into the pelvis | ith a 








—— 
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vaginal cone, and Merritt, in reviewing this 
technigde in 1941, stated that diarrhea 
withtextreme debility was observed in cer- 
tain: individuals, while others developed a 
radiostlérosis of the sigmoid, Stone and 
Robitison? voice the opinion of many of 
the more. competent radiologists when, in 
discussing the treatment of advanced car- 
cinoma-of the cervix, they state: “The 
consequences of excessive irradiation of the 
bladder*"and rectum must be disregarded 
because«these structures or adjacent tissues 
aré itiydlyed.” 

The;mucous membranes of the bladder 
and ureters are very radiosensitive, but 
reports: of serious injuries of these struc- 
turės appear with relative infrequency in 
the -terature. Schmitz? reported the ob- 
struction-of one ureter by a process which 
he desigtiated as radiation fibrosis in 1920. 
A déath‘from uremia, secondary to necrosis 
of ‘the‘‘trigone and obstruction of both 
ureters; occurred 1 in our own clinic in 1925, 
and a study of the tolerance of the ureters 
to radiation was started soon afterwards. 
In 1 9264 ‘we were able to show that a dose 
of 75 miligram-hours administered by two 
6.25 mg. ‘monel steel radium needles placed 
on either side of the dog’s ureter produced 
complete occlusion and hydronephrosis. 
However; a subsequent experiment done 
in thej same year showed that 2.5 T.E.D. 


see Py 





radioldgists believe that all such lesions in 
treated, cases are produced by cancer. How- 
ever, Everett’ after studying the patients 
treated successfully with irradiation at the 
Howard A. Kelly Hospital in Baltimore, 
wheré? high intensity radium applicators 
are used, concluded that approximately 5o 
per cent:of these cases developed obstruc- 
tive lesions involving the lower ureters with 
dilatation of the kidney pelves, but that 
only: 15 x cent were sufficiently severe to 
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be of clinical importance. He also included 


jn this report 63 cases of late irradiation - 


ulceration of the bladder reported by Dean, 
Newell and Crossen, Smith and Colby, and 
described 6 cases observed in his own series. 

Vesicovaginal and rectovaginal fistulae 
also often accompany cancer of the cervix 
when no irradiation is used, and the exact 
rôle of therapy in the causation of these 
unpleasant sequelae is difficult of estima- 
tion. Behney! reported an incidence of 26 
per cent in treated cases and 31 per cent in 
untreated cases, and Smith,” after study- 
ing a series of 2,852 patients treated at the 
Memorial. Hospital in New York, con- 
cluded that fistulae occurred at least twice 
as frequently in untreated as in irradiated 
cases. It is interesting to note that both of 
these reports cover work done prior to 1934 
with techniques which were relatively con- 
servative. Enough fistulae have been pro- 
duced by the injudicious use of radium in 
the treatment of benign uterine lesions to 
make it apparent that such complications 
cannot always be attributed to the presence 
of cancer alone. 

Vascular damage from irradiation has, 
in all probability, not received the atten- 
tion that it deserves, since many of the 
necrotic lesions are undoubtedly preceded 
by an interference with blood supply. 
Emphasis was first placed on this complica- 
tion in 1936 when Dalby, Jacox and Miller® 
described spontaneous fractures of the neck 
of the ferhur attributed to occlusion of the 
afferent vessels following the administra- 
tion of heavy doses of roentgen rays to the 
pelvis. More recently Strauss and Mc- 
Goldrick? have collected a series of 75 such 
cases, including 4 of their own. In most 
instances heavy doses of radium were used 
along with roentgen therapy, but a study 
of the treatment data indicates that this 
complication is likely to occur in patients 
receiving several prolonged series of roent- 
gen treatments over the pelvis, particularly 
when lateral portals are used. Todd, in 
describing a condition which he calls an 


extrinsic lesion of the bowel, accompanied | 


by extensive sclerosis, expresses the belief 
that blood vessel damage resulting from 
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the application of heavy doses of roentgen 


rays to large portions of the pelvis is the. 
* 


causative factor. 
Most cancers of the cervix contain patho- 


genic bacteria and a salpingitis ig some- * 


times discovered when the patient presents 
herself for treatment. The manipulation of, 
a bleeding vascular tumor of the cervix 
during the application of radium always 
carries with it the danger of dissemination 
of infection, and a conservative technique 
must be designed to minimize this danger. 


TECHNIQUE 


It is now evident that the radiotherapist 
treating cancer of the cervix is confronted 
with a problem which is far from simple. He 
must deliver a curative dose, estimated as 
not less than 7 T.E.D., to a structure 
bounded anteriorly by the bladder, posteri- 
orly by the rectum and laterally by the 
ureters, all of which can be damaged by 
the therapeutic agent. When the disease 
extends outside the cervix, as it usually 
does, any attempt to efficiently irradiate a 
larger volume of tissue not only increases 
the hazards already mentioned, but en- 
dangers the vascular system supplying the 
bony structures and the pelvic viscera. The 
infected field in which all local manipula- 
tions must be carried out adds the danger 
of disseminated infection. 

Since serious sequelae sometimes appear 
a year or more after treatment, the de- 
velopment of a safe technique is a slow 
procedure, based to a large extent on ex- 
perience. In .1938 Corscaden, Kasabach 
and Lenz* made a careful study of irradia- 
tion injuries observed in their cases and 
published a technique which eliminated 
them. This was done by decreasing the 
intensity of irradiation and increasing the 
time. During the past ten years aa attempt 
has been made in our clinic to eliminate the 
serious complications without lowering the 
total five year survival rate. Some of the 
technical changes may be lised as follows: 

1. Use of multiple radium sources of mod- 


erate intensity for longer periods of time. 
2. Frequent shifting of the positions of ra- 


dium containers of the higher intensities. 
e 


f. 


i 
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3. Heavy filtration in all radium contai ers. 
. Distance applicators in the vagin Med 
with large vaginal packs. 
5. Removal of all presenting tumor tis S 
so that a smaller total radium dosggs i IS 
effective. ] 
6. Careful approximation of radium sources 


. to malignant tissue. 


i 
7. Copious use of green soap in vaginal 
preparation for radium. M 
8. Frequent changing of vaginal packs 
9. No radon implants used and no din 
needles placed near ureters. 
IO. Íntensive roentgen therapy used "T in 
more advanced cases. | 
11. Elimination of lateral portals in. ‘roentgen 
therapy. 
|. 12. Therapy given in one carefully aand 
series, and not repeated. Eo 
13. Long interval allowed to elapse between 
intensive roentgen therapy and radium 
therapy. 
I4. No intravaginal or perineal roentizen 
therapy administered. MES 
I 
During January, 1942, a surVey.| Was 
made of 149 consecutive unselected ‘cases 
treated during the years 1936 to 19407tn- 
clusive. Since untoward results almost lal- 
ways appear within two years, no. case 
treated since 1940 was included. The: éch- 
niques used were individualized as shówn 
in the tables. Although roentgen therapy 
was usually given, the most effective part 
of the treatment was carried out with caje- 
fully placed radium applicators, prepared 
to irradiate all of the diseased tissue wlien 


possible. In the more diffuse lesions weak 
1 
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patina fadum needles, completely de- 
scribed in previous articles, were used 
alone or|in combination with platinum 
radium capsules having a wall thickness of 
1.0 mm. Most of the radium treatments 
were given with capsules of various sizes 
containing from 6.25 to 50 mg. applied 
singly or in various combinations. The 
vaginal applications were made with Lon- 
don spools or specially prepared appli- 
cators, constructed so as to afford ample 
protection to the bladder and rectum. 
Needle implantations were made for a 
period of seven days. The average case 
treated with capsules received about eighty 
hours of irradiation, divided into three 
applications spaced a day apart. The total 
dose varied from 3,600 to 4,100 mg-hr. 
cervical canal for thirty hours, but the cervi- 
cal and vaginal applicators contained mul- 
tiple sources which were never left in one 
place for:more than twenty-four hours. 
Cervical ‘and vaginal applicators were 
never used on the same day. | 

The first radium application was always 
done under gas anesthesia. Before any 
manipulations were carried out the vagina 
and the tumor were washed repeatedly 
with copious amounts of green soap. This 
procedure:is considered most important. 
because serious post-irradiation infections 
were reduced to a minimum following its 
adoption. The entire field was next painted 
with tincture of iodine and the presenting 
portion of the tumor was destroyed by 


TABLE I l ` 


F 





SURVEY OF CANCER OF|QERVIX MADE IN JANUARY, 1942 


4 Alive 
No. of .4 Complications 
e Year Patients Known Untraced | | Possibly Due to | Total Symptom-free 
Treated e Treated Dead {=} Irradiation N L with No Evi- 
i " omer dence of Cancer 
1936 35 4 13 | 2 fistulae 15—46 .7% 14—43 -7% 
1937 27 7 II : 1 fistula 9—33.390 8—30% 
1938 30 6 8 1 fistula | 16—5§3 .3% 14—46 .6% 
1939 32 ` 8 6 o 18—56 .2% 17—53.1% 
1940 28 6 5 * o 17—51 .0% 12—42.8% 
— ead —————“ Ie r——————— 
Total 149 31 43 i 4 fistulae 8—52. 4% 65—43.2% 
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electrocoagulation and removed with biting 
forceps. Although this procedure is con- 
demned by many, it is considered an essen- 
tial part of our technique because it enables 
the operator to place radium applicators 
accurately in intimate contact with the 
base of the tumor in a dry field, from which 
all confusing hemorrhage has been elim- 
inated. It also makes 1t possible for him to 
obtain several biopsies of ample size from 
various portions of the neoplasm. A mod- 
erate temperature elevation usually follows 
the coagulation for a day or two. In the 
rare case in which a troublesome infection 
persists, sulphonamide therapy has been 
found quite effective. B 
Roentgen therapy was considered to be 
of secondary importance in the early and 
border line cases, but single doses of 600 r 
were given to each of four 15 cm. portals, 
using 2co kv. equipment, while the patient 
was hospitalized for radium therapy. Two 
portals were laid out over the front of the 
pelvis and two over the back. In most in- 
stances the radium applications and the 
roentgen treatments were given on alter- 
nate days. This plan was economical in 
that it enabled the patient to receive all of 
her therapy within a period of a week. 
The cases which did not respond well to 
this procedure were rarely improved by 
the subsequent administration of more in- 
tensive roentgen therapy. Tod” made a 
similar gbservation and states that she 
obtained a higher percentage of cures in 
clinical Stages 1 and 11 when no roentgen 
therapy was added to.her radium tech- 
nique. The use of intensive preliminary 
roentgen therapy in these cases not only 
increases the incidence of irradiation se- 
quelae, but produces so much contraction 
of the upper vaginal vault that London 
spools or other types of applicators de- 
signed to bring radium near the broad 
ligaments cannot be properly placed. 
When the disease was well advanced, 
and particularly when there was much in- 
fection - present, roentgen therapy was 
given first. In these cases palliation was the. 
primary objective, and measures designed 
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to relieve symptoms seemed more impor- 


tant than a vain attempt at a cure, followed’ 


by prolonged irradiation sequelae. In most 
instances four portals were used, as in the 
more favorable cases. Lateral portals were 
not used, because, in my opinion, they 
increase the danger of -spontaneous hip 
fractures and add little to the efficiency of 
the treatment. Doses of 200 r were given 
to each of two portals daily, with 2co kv. 
equipment, until total amounts of 1,200 to 
2,400 r had been administered to each area. 
When the smaller doses were given, the 
roentgen series was followed: immediately 
by the radium therapy previously des 
scribed, but radium applications were de- 
layed for a period of three or four weeks 
when the more intensive external irradia- 
tion was utilized. Intravaginal roentgen 
therapy which of necessity increases the 
dosage reaching the anterior rectal wall was 
never used. A study of the histories of 
patients developing irradiation fractures of 
the hip indicates that most of them re- 
ceived repeated series of roentgen treat- 
ments given at intervals of six to eight 
weeks. For this reason it was assumed that 
the maximum palliation was produced 
when the above plan of treatment was com- 
pleted, and further irradiation was rarely 
attempted. In those cases in which it was 
carried out, it seemed to be of little value. 
Certainly it should be delayed for a period 
of six to eight months, if it is to be given at 


all. : 


RESULTS 


Although the technique described above 
is somewhat unorthodox, it should *be 
judged by the results summarized in Table 
I. Heyman? reports that the average five 
year survival rate in a group of 10,970 case$ 
of carcinoma of the cervix, treated in the 
best irradiation clinics in the world, is 26 
per cent. Although the group of cases 
reported in this paper is not large, and only 
a relatively small number have been fol- 
lowed for more than five years, the figures 
indicate that the five year survival rate 
will be as good as that averaged by other 


in 


uuu tt t 


» “untreated cases. 
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clinics. Of more importance 1s the fact i 
ethe only complications which might 
attributed to the effects of irradiation a 
four fistulae. Although 43 of the patie} 
could no be traced during the entire per 
of observation, most of them were rni 
leng enough to rule out the occurrence d 
irradiation sequelae. None of them d 
veloped rectal ulceration, bladder ulcer 
tion intestinal obstruction, serious infek: 
tions or fractured hips. A fair number did 
with strictures of the ureters, but the indi 
dence was no higher than that observed in in 
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SUMMARY | 
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An irradiation technique is described 
which’ produced end-results equal to those 
reported by other clinics, with no serio 
irradiation sequelae, except four fistulaé 
All techniques should be judged on the 
basis of irradiation complications, as we 
as five year survival rate.* 
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CAPSULES OF RADIUM WITHIN THE 
UTERUS IN THE TREATMENT OF 
CORPUS CÀNCER* 


By JAMES F. NOLAN, M.D., and A. N. ARNESON, M.D. 
, Li 


ST. LOUIS, MISSOURI 


I: IS the opinion of several authors that 


the best clinical results obtained in the 
treatment of carcinoma of the body of the 
uterus have followed the combined use of 
both irradiation and surgery. One need only 
consult collected statistics that have been 
published to justify the value of irradia- 
tion." ft can be said, however, that re- 
moval of the uterus, whenever practical, 
remains the fundamental procedure. The 
addition of roentgen rays and radium in the 
treatment of operable cases compromises in 
no way the value of hysterectomy. 

There is evidence that preoperative ir- 
radiation is more effective than treatment 
given after hysterectomy. One factor. con- 
tributing to the relative superiority for 
preoperative irradiation must be the 
greater tissue dose that can be obtained 
by means of radium applied within the 
uterus before its removal. Corpus cancer, 
however, presents technical problems that 
often make difficult a satisfactory applica- 
‘tion of radium. 

There is general agreement that an intra- 
uterine ¢andem is ineffective in most in- 
stances. In spite of the fact that the active 
length of the applicator may extend from 
the top of the fundus to the external os, a 
bylky lesion may so distort the cavity that 
several centimeters of tissue intervene be- 
tween some tumor cells and the radium 
sources. In cavities of normal size the tan- 
dem may be along the center of the uterus 
or fall toward one side. If there is a small 
lesion in one cornu there may be consider- 
able distance between the tumor and near- 
est radium source. These factors are bound 
to produce marked irregularities in radia- 


tion effect. Gross specimens obtained after 
tandem treatment usually reveal focal 
areas of tumor destruction with other re- 
gions of unaffected cancer. Due to the 
small number of sources employed, the 
contributions from each must be relative! 
great. For that reason radiation necrosis i$ 
not uncommon. | 

A logical method for increasing the effec- 
tiveness of radium treatment is the use of a 
greater number of sources placed irregu- 


larly throughout the uterine cavity. Several . 


years ago, however, Sampson demon- 
strated many of the difficulties encountered 
in the attempt to use multiple capsules. 
Others have feared injury to the uterus, 
chiefly by perforation of the wall. At the 
same time several authors including Hey- 
man,? Schmitz and Schmitz, 5 Martin,” 
Brown,‘ Friedman,’ Strauss," Pfahler,™ 
Crossen, Kaplan," and others, have de- 
vised special techniques of treatment. Most 
of these methods include the use of several 
sources of small size containing relatively 
small amounts of radium. Heyman’s tech- 
nique presents definite advantages. The 
small, weak, intra-uterine tubes are so con- 
structed that an appreciable distance is ob- 
tained between the emanating source and 
outer wall of the applicator. These are 
packed singly into the uterine cavity until 
all available space has been filled. 

In 1938 at both the Barnes Hospital and 
the Barnard Free Skin and Cancer Hospital 


we began the use of a method ‘tequiring a 


minimum of special apparatus.? The at- 
tempt was made to approximate the tech- 
nique devised by Heyman. Radium sources 
of different size and strength were placed 


* From the Department of Obstetrics and Gynecology, and the Edward Mallinckrodt Institute of Radiology, Washington University 
School of Medicine; and the Barnard Free Skin and Cancer Hospital, St. Louis, Mo. Presented at the Twenty-Seventh Annual Meeting, 
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Fic. 1. Brass capsules used for intra-uterine treatment. The longer tubes are for one or more sources of 
12.5 mg. radium strength. Those of greater diameter are used in the cervical canal. The shorter capsules 


contain 6.0 mg. radium in removable platinum cells. 


within the uterus by means of uterine 
dressing forceps. Small strips of gauze were 
used in the attempt to keep the radium 
tubes in place, and also to obtain some 
distance around the stronger sources. Each 
application was checked by means of a 
roentgenogram. The method has not 
proved entirely satisfactory. In many in- 
stances it was difficult to get the tubes in 
place, and not infrequently rather marked 
irregularities in radiation effect were noted 
in specimens obtained at hysterectomy. 
The incidence of severe necrosis was, how- 
ever, decidedly less than for tandems. 
More recently the attempt has been 
made to improve the method. The points 
and eyelets of several monel metal needles 
were ground away to obtain sources with 
active lengths corresponding more closely 
to the over-all length of the tube. The 
shortened needles contain approximately 
12.5 nfg. radium each, and are about twice 
the length of removable platinum cells. 
Brass tubing was used to make sheaths of 
equal external diameters, but of different 
lengths. The longer brass sheaths will con- 


" e 
tain one of the 12.5 mg. sources, and the 


shorter ones hold 6.0 mg. in removable 
platinum cells. By that means several 
sources are obtained that contain approxi- 
mately the same radium strength per centi- 
meter length. 

In some instances it may be advisable to 
employ stronger sources, or sheaths of 
greater external diameter. If the cervix is 
involved, for instance, it is more practical 
to use stronger tubes in that region because 
there are no others in parallel to contribute 
radiation. There should always be a sheath 
of greater diameter in the cervical canal to 
maintain dilatation adequate for removal 
of those of lesser diameter deeper in the 
uterus. For the above reasons sevefal 
sheaths were made with external diameters 
about twice that of those first described 
and with internal diameters adequate for 
two of the 12.5 mg. tubes (total strength 
25 mg. radium). A photograph of the 
sheaths of three different sizes is shown in 
Figure 1. The total filter for each, including 
the metal wall of the different radioactive 
tubes, is equivalent to 2.0 mm. brass. 

It became necessary to devise an instru- 
ment for introducing radium into the 
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Fic. 2. Instruments used for inserting tubes of radium into the uterus. 


uterus. A cup-shaped adapter was attached 
to a rod, or shank, curved to accommodate 
the angle of the uterus. A slit in the side of 
the cup provides an bpening through which 
the ligature from thé radium source can be 
fitted into a groove'along the convex sur- 
face of the shank, and fixed to a small peg 
on the handle of the instrument. Along the 
concave surface of the shank is a small tube 
through which a wire ejector projects into 
the cup-shaped adapter. The ejector must 
be partially withdrawn for loading the 
instrument. After the radium is passed to 
the desired position within the uterus, the 
ligature is detached from the peg on the 
. handle, and the ejector pressed in to dis- 
charge the source. Due to the fact that 
capsules of two different diameters are em- 
ployed it is necessary to have introducers 
with adapters for each size. For con- 
venience there should be more than one 
instrument of each size. A photograph of 
the introducérs is shown in Figure 2. It 
should be noted that the use of multiple 
sources of radium within the uterus is not 
a new method of treatment. The technique 
presented here is essentially a modification 
of the method described by Heyman.? 
From 1958 to 1941, inclusive, a total of 
69 patients with cancer of the corpus uteri 
were treated with radium at the Barnard 
Free Skin and Cancer Hospital, and on the ` 


teaching service at the Barnes Hospital. 
There is no justification for attempting an 
analysis of clinical results, but the number 
of patients 1s believed adequate for a pre- 
liminary report upon the methods of treat- 
ment. During this period a transition was 
made from the use of intra-uterine tandems 
to multiple sources. Of the total number, 
tandems were employed i in 24 patients, and 
multiple sources in 45. Among those in 
whom multiple tubes of radium were used, 
the earlier gauze method was employed in 
36 individuals and the newer introducer in 
nine. It was during this period also that a 
transition was made to preoperative radium 
in all patients treated by hysterectomy. 
During the first half of the four year period 
a good many operable patients were treated 
by surgery alone, or in conjunction with 
roentgen irradiation. These are not here 
included, and their loss to radium treet- 
ment accounts for the relatively low 
hysterectomy rate to be shown later. 

In Table 1 is shown the number of pae 
tients treated with radium applied by the 
different methods. With the exception of 
those in whom tandems were employed 
they have been grouped according to the 
depth of the uterine cavity. This is done to 
show variation in the average number of 
radium sources used, and in average total 
doses employed. It can be seen, that, for 
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multiple capsules, the number of sources 
e placed in the uterus increases with depth 
of the cavity. For uteri of a given size the 
average number of sources is greatest 
among patients treated with the introducer 
devised recently. There is shown also an 
increase in average total dose with uterine 
cavities of greater depth. Among those 
measuring from 4 to § inches treated with 
the introducer, however, this increase is not 
apparent. That is due to the fact that only 
2 patients fall into the group in question. 
One of those had been irradiated elsewhere, 
d only a small additional dose of radium 

* was given prior to hysterectomy. The most 
significant finding in the table is the aver- 
age dose per source. For tandems the 
amouht contributed by each tube is enor- 


TABLE I 


TOTAL NUMBER OF PATIENTS TREATED WITH 
RADIUM FOR CORPUS CANCER FROM 
1938 TO 1941, INCLUSIVE 


Number Depth of Number Total Dose per 
of Uterus of Dose Source 
Cases inches Sources mg-hr. mg-hr. 
Intra-uterine Tandem 
24 27-3 4000 1800 
Multiple Capsules with Gauze 

19 3-4 6 4800 800 
I2 4-5 8 5600 700 

[: $-6 10 6500 650 

Multiple Capsules with Introducer 
7 374 10 4900 480 
2 4-5 12 4800 400 


With the exception of those in whom tandems were used the 
patients have been grouped according to the depth of the uterus. 
With fncrease in uterine depth there can be seen increase in the 
number of sources used and total doses employed. For multiple 
capsules there has been a marked decrease in dose contributed 
per source. 

* 


mous. Necsosis is to be expected. There is 
a marked decrease 1n dose per source among 
the first multiple-capsule treatments in 
which gauze was used. As a result the 
amount of necrosis was materially lessened, 
despite the fact that the minimum tumor 
dose was increased materially. There 1s evi- 
dence that the average dose per source will 
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become even less among patients treated 
with the newer method. | 

So far as possible radium treatment has 
been followed by hysterectomy. The gross 
specimen obtained at operation supplies 
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COMPARISON OF THE INCIDENCE OF PERSISTENT 
TUMOR FOUND AT HYSTERECTOMY OR BY 
CURETTEMENT IN CASES TREATED BY 
THE TWO DIFFERENT METHODS 
FOR APPLYING RADIUM 





Approx- 
Number Resid- No peas 
Procedure of ual Tumor "iss 
Cases Tumor Found (538€ 
without 
Tumor 
Intra-uterine Tandem 
Hysterectomy 8 g I 
Curettement 8 7 I 
None 8 
Total 24 14 2 E ap 
Multiple Capsules 
` Hysterectomy 18 3 15 
Curettement II 3 8 
None 16 | 
Total 46 '6 23 80 


excellent material for studying the effect of 
irradiation. Among those in whom radical 
surgery could not be done the attempt has 
been made to evaluate treatment by means 
of curettement done at varying periods after 
complete irradiation. In a good many in- 
stances no additional procedure has been 
performed. Many of these patients had ad- 
vanced lesions, and several are now dead. 
Others have refused examination by cu- 
rettement. Evaluation of the group in 
whom no additional procedure has been 
done must wait for analysis of five year 
results. In Table 11 can be seen the inci- 
dence of persistent tumor as determined by 
hysterectomy or curettement. Among pa- 
tients treated by intra-uterine tandems 
there were 16 followed by one of the above 
procedures. Residual tumor was found in 
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all except two. Upon that basis cancer was 
destroyed by irradiation in only about 15 
per cent. Among those treated by means of 
multiple capsules there are 18 upon whom 
hysterectomy has been performed. Resid- 
ual tumor was found in only three. Curette- 
ment was done in 11 others, with residual 
tumor found in three. It should be noted 
that, among 29 patients treated with 
multiple capsules followed by hysterectomy 
or curettement, no residual tumor was 
identified in 23, or about 80 per cent. 

Healy and Brown? have reported that 
histologic examination of uteri removed 
after treatment with an intra-uterine tan- 
dem revealed persistent carcinoma in pos- 
sibly 1 out of every 3 patients. The residual 
tumor was often degenerated markedly, 
and appeared to be unviable. The authors 
noted that uteri of larger size were more apt 
to show persistent cancer, and concluded 
that enlargement of the uterus presented 
a more serious prognosis. 

The presence or absence of identifiable 
carcinoma persisting in a uterus removed 


after preoperative irradiation does not pro- - 


vide a positive index as to the clinical result 
to be expected. Failures may occur among 
those showing no evidence of cancer due to 
the survival of'some tumor cells in tissues 
not removed surgically. It can also be 
stated that those showing an abundance of 
persistent cancer will be cured if all the 
tumor iglimited to the uterus itself. Dono- 
van and Warren? have questioned the value 
of preoperative irradiation upon the basis 
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PBRSISTENCE OF CANCER IN SPECIMENS OBTAINED BY 
HYSTERECTOMY AT DIFFERENT INTERVALS AFTER 
TREATMENT BY MULTIPLE TUBES OF RA- 

DIUM INTRODUCED INTO THE UTERUS 





Time after Number Residual No Tumor 
Radium of Cases , Tumor Found 
I week 5 o 3 
2 weeks 4 I 3 
8 weeks 4 I 3 
Over 8 weeks " I 6 
18 3 i. - 
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of the high incidence of persistent cancer 
found in specimens obtained at hysterec-, 


tomy. In the patients here reported. the 


incidence is high among those treated with, 


tandems, but remarkably low among those 
in whom multiple capsules were used. It 
should be noted that, in most clinical and 
statistical reports that have been pub- 
lished, the intra-uterine tandem. has been 
the method generally employed for apply- 
ing preoperative radium. The use of mul- 
tiple capsules has made practical the ad- 
ministration of greater amounts of radia- 


N 


tion. It is reasonable to believe, therefonggmenaup 


that the technique in question will, tor 
several reasons, result in some improve- 
ment in clinical results. The margin of 1m- 
provement is not expected to be great. It 
will apply chiefly to the occasional patient 
with moderate involvement of tissues ad- 
jacent to the uterus not removed surgically. 
The volume of tissue treated adequately 
by an intra-uterine tandem is not great. 
The use of multiple capsules will, due to the 
greater doses that can be employed, result 
in some increase in the volume of tissue 
receiving an adequate dose. 

In the attempt to combine preoperative 
irradiation with surgery in the treatment 
of operable cases there must be an optimum 
time for hysterectomy. If the tumor is not 
destroyed completely there is every reason 
to believe that the uterus should be re- 
moved before recovery of inadequately 
treated carcinoma has occurred. Evidence 
of tumor recovery can be found occasion- 
ally in uteri showing persistent carcinoma. 


Those specimens are usually the ones re- 


moved about six weeks after radium trtat- 
ment. The presence of tumor showing ir- 
radiation effect adjacent to areas of fully 
viable and actively growing carcinoma wås 
interpreted as evidence of recovery in a 
study of regression of cervical cancer.? It is 
well within the limits of probabilities that 
corpus cancer might be expected to show 
evidence of recovery within six weeks. For 
that reason one may assume that, whenever 
practical, hysterectomy should be done be- 
fore that period has elapsed. 
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Fic. 3. Multiple sources of radium within a uterus of average size presenting no marked irregularities. 
Capsules in the fundus are lying transversely to the axis of the uterus. 


In the attempt to better evaluate the 
optimum time for hysterectomy the inter- 
val between radium treatment and removal 
of the uterus has been varied deliberately. 
The results obtained in this experiment are 
given in Table mı. It is significant that an 
absence of residual tumor has been noted 
in specimens removed as early as one week 
after radium treatment. No definite com- 
mitment can be made upon the optimum 
time for operation, but on the basis of 
tumor recovery there is evidence that 
surgery should be employed before six 
weeks has elapsed. 

Each patient treated with multiple cap- 
sults has been studied by means of a roent- 
genogram taken while radium was in place. 
This procedure has been of value in the 
áttempt to improve the technique. In 
Figure 3 can be seen an anteroposterior and 
lateral view made of a patient after mul- 
tiple capsules had been introduced into the 
uterus. In the fundus the sources are lying 
transversely to the axis of the uterus. An 
arrangement of this sort produces a more 
uniform radiation effect, but is not easily 
obtained in every instance. Use of the 


shortest sources increases the possibility 
for placing tubes in that position. Another 
roentgenogram shown in Figure 4 illus- 
trates the use of sources of greater diameter 


.1n the cervical canal. By this means the 


canal is kept sufficiently dilated for easy 
removal of the remaining tubes. It should 
be noted again that, among patients in 
whom the cervix is involved by a down- 
growth of cancer, the intracervical capsule 
should be of greater strength, and radium 
should also be applied in the vagina. 

. Roentgenograms of a third case are 
shown in Figure 5 There are no capsules 
lying transversely across the fundus, and a 
tube of greater diameter was not used “in 
the cervix. The roentgenograms are shown, 
however, for reasons of continuity. The 
uterus was removed two weeks after radium 
treatment. Two views of the gross specimen 
obtained at hysterectomy are shown in 
Figure 6. Upon opening the uterus the 
cavity presented a shaggy linirig that could 
be.stripped away with ease leaving à 
smooth, glistening surface except in the 


¿region of the fundus. The upper uterus 


probably received a lesser dose than more 
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Fic. 4. Multiple sources of radium within a uterus somewhat larger than average. A capsule of greater ex- 
ternal diameter is located in the cervix. By that means the canal is kept dilated for safe removal of the 
deeper tubes. The source in the cervix is of greater radium strength than those in the upper part of the 
uterus. 





Fig. $. Lateral and anteroposterior roentgenogramseillustrating the radium treatment of a case operated 
upon two weeks later. The gross specimen 1s shown in Figure 6. 
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Fic. 6. Uterus removed from a patient two weeks after radium treatment shown roentgenographically in 
Figure 5. Superficial lesion presenting a degenerated and shaggy endometrial lining that was easily pulled 
away except in the fundus. Adherence in the upper uterus may be associated with a lesser dose falling 


in that region. 


central regions. The finding of such a 
loosely attached endometrium is not un- 
usual, but occurs chiefly in the more super- 
ficial types of lesions. Evidence of the lack 
of infiltration can be seen in the photo- 
micrograph shown in Figure 7. This speci- 
men was taken from a region where the 
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Fic. 7. Photomicrograph taken from the uterus 
shown in Figure 6, and illustrating the lack of 
infiltration. Section is from a part of the uterus 


from which the endometrial lining was pulled ¢ 


away. 





lining of the cavity had been stripped away 

Histologic examination of such degener- 
ated endometrium has rarely shown viable 
cancer. Few cellular elements remain, and 
the endometrium is replaced chiefly by exu- 


‘date. The exudate undergoes gradual 


organization, as can be seen in Figure 8. 
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Fic. 8. Photomicrograph showing -well developed 


organization of the inflammatory exudate replac- 
ing endometrium, and presumably tumor, in a 
uterus removed six weeks after radium treatment. 
Section from near fundus. 





Fic. 9. Photomicrograph taken from near the cervix 
of the same specimen as shown in Figure 8, and 
showing the absence of necrosis and marked uni- 
formity of irradiation effect at the two extremes 
of-the uterus. 


The section was taken from a uterus re- 
moved six weeks after radium treatment. 
Organization of the inflammatory exudate 
has taken place, and there is a beginning 
single layered growth of epithelium on the 
surface forming a new lining for the uterine 
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cavity. This particular uterus showed a. 


remarkable uniformity of radiation effect 
so far as histologic changes were concerned. 
The section already described was obtained 
from the fundus. A photomicrograph of 
tissue from the cervix is shown in Figure 9. 
Both of these sections show destruction of 
epithelial cells without residual necrosis. In 
each there is a comparable degree of injury 
to muscle and connectiwe tissue as well as 
blood vessels. Such a uniform distribution 
of radiation effect is not obtained in all 
patients treated with multiple capsules, 
however,-as can be seen in Figure 10. There 
is no question as to the presence of viable 
carcinoma in this specimen removed two 
weeks after radium was applied. There 
were, however, some areas in which com- 
plete degeneration of tumor had occurred. 

There 1s one case for whom particular 
discussion is indicated. Roentgenograms 
taken during radium treatment revealed 
an atypical arrangement of intra-uterine 
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sources. In both the anteroposterior and 


lateral views shown in Figure 11 there is'e 


evidence that two capsules are outside the 


uterine cavity. The presence of fever gave , 


additional evidence that the uterus was 
perforated, and for that reason the radium 
was removed. One week later a second? 
radium treatment was given without un- 
toward effects. Hysterectomy was done 
several days afterward. At operation the 
point of perforation was found extending 
into a small abscess buried in dense ad- 
hesions between the uterus and sigmoid 


colon. There was no residual tumor m ak 


in the gross specimen, and the patient made 
a satisfactory recovery. Follow-up has ex- 
tended over a period of nine months with- 
out evidence of recurrence. About three 
months after. hysterectomy, however, the 
patient was re-admitted to Barnes Hospital 
with symptoms of partial intestinal ob- 
struction. These symptoms subsided under 
conservative treatment, and no other 
sequelae have occurred. 

It is interesting to note that Heyman, 
Reuterwall and Benner!? report a similar 
experience. In their presentation was pub- 
lished a photograph in which a similar ar- 
rangement of. intra-uterine sources was 





Fic. 10. Photomicrograph showing the persistence 
of cancer in a uterus removed two weeks after 
radium treatment. l 


~ 
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Fic. 11. Roentgenograms showing an atypical arrangement of intra-uterine 
sources of radium indicating a perforation of the uterine wall. 


found. Such instances illustrate clearly the 
value of roentgenograms taken during each 
treatment. Perforation of the uterus may 
present serious complications. It should be 
noted, however, that only one such injury 
is known to have occurred in our series of 
more than 45 cases of corpus cancer treated 


with multiple capsules. It is to be hoped : 


that some time will elapse before such an 
accident occurs again, but one cannot ex- 
pect always to avoid perforation, even in 
the simplest types of intra-uterine pro- 
cedure. If in radium treatment there is a 
greater risk of perforation with multiple 
capsules, the better irradiation effects ob- 
tained by the method would seem to offset 
the added risk incurred. 

Any imfrovement in clinical results fol- 
lowing the addition of irradiation to the 
treatment of operable patients must be due 
to an effect upon tumor cells outside the 
volume of tissue removed surgically. In 
corpus cancer the point arises immediately 
as to how often there is apt to be extension 
outside the uterus itself. This cannot be 


determined on the basis of the histologic 
grade of the lesion, and it 1s impossible to 
visualize or adequately palpate such ex- 
tensions. The occasional patient with local 
recurrence after hysterectomy alone is, 
however, proof that involvement of those 
regions does occur. It seems logical, there- 
fore, to employ both irradiation and 
hysterectomy in all operable patjents. At 
the same time it is difficult to reconcile the 
use of a large amount of radiation followed 
promptly by complete removal of the 
uterus. There can be no doubt that the 
greater tissue dose obtained outside the 
uterus by combining roentgen rays with 
radium before hysterectomy 1s responsible 
in part for the relative superiority for pre- 
operative treatment over postoperative 
roentgen irradiation alone. It should be 
noted, however, that in most instances the 
dose falling on tissues outside the uterus is 
not great. It would seem that there must be 
other factors responsible for the greater 


, effectiveness of preoperative treatment. An 


explanation can be attempted upon the 


514 


basis of biologic factors. One might expect 
a greater degree of radiosensitivity before 
hysterectomy. Following removal of the 
uterus there is production of fibrosis, inter- 
ference with vascular supply, and disturbed 
anatomical relationships. Those factors 
might contribute to greater radioresistance, 
and thereby decrease the effectiveness of 
the relatively small amounts of postopera- 
tive radiation falling on regions not re- 
moved surgically. It would not seem that 
hysterectomy would interfere materially 
with the effect of radiation already applied 
to the outlying tissues. In fact the ‘reverse 
might be true, in that the results from surg- 
ery actually augment the effectiveness of 
the previous treatment. 

In planning preoperative treatment the 
use of both roentgen rays and radium is to 
be recommended. The greater tumor dose 
obtained by a combination of the two 
methods is not the only indication for 
following such a program. For corpus 
cancer there are advantages gained in be- 
ginning treatment with roentgen rays that 
are- identical in some respects to those 
noted in cervical carcinomas. ‘Infection 
present in the lesion is decreased by pre- 
liminary roentgen irradiation. As a result 
of the decrease in infection there is less risk 
of. necrosis from radium, and possibly a 
more favorable degree of radiosensitivity. 
In addition the effects of roentgen irradia- 
tion shoüld lessen the risk of perforation in 
the more infiltrating types of lesions, and 
decrease the risk of radium capsules acting 
as pistons to force wiable cancer cells 
through the lumina of the tubes in all cases. 

"It is obvious that any advance in meth- 
ods of treatment for corpus cancer will im- 
prove clinical results not only in operable 
patients, but also in those unsuited to 
hysterectomy. So far as radium treatment 
is concerned, therefore, it can be said we are 
faced with a double responsibility. It is 
first necessary to devise a technique of 
treatment that will deliver a more practical 
distribution of radiation than that which 


is obtained from the usual intra-uterine« 


tandem. By that means one may expect an 
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improvement in results among cases not 


suited to hysterectomy due to advanced e 


involvement or some associated constitu- 


tional disorder. The second responsibility e 


rests upon the more widespread application 
of improved radium technique to operable 
cases. 

SUMMARY AND CONCLUSIONS 


In 1938. the attempt was made to im- 
prove the effectiveness of radium treatment 
employed for cancer of the corpus uteri at 
the Barnard Free Skin and Cancer Hos- 
pital, and on the teaching. service of the 
Barnes Hospital. A technique employ: 


multiple sources of radium within thé 


uterus was employed. Several modifications 
have been made in the attempt to simulate 
the method employed by Heyman. The 
technique is described, but sufficient time 
has not elapsed to permit a statistical sum- 
mary upon the results obtained. The num- 
ber of patients treated is believed adequate, 
however, for a preliminary report upon the 
method in use. 

Each case has been studied by means of 
roentgenograms taken while radium was in 
situ. The effect of irradiation upon the local 
lesion has been. studied in gross specimens 
obtained at hysterectomy, or by curette- 
ment, whenever possible, in cases not 
suited to surgery. À marked decrease in the 
Incidence of persistent carcinoma is noted 


for the multiple capsule technique in com- 


parison with patients treated in the same 
clinics with an intra-uterine tandem con- 
taining radium. For the multiple-capsule 
method there has been an increase in the 
total amount of radiation employed, but a 
marked decrease in the dose contributed by 
each individual source. ‘As a result there 
has been a lesser amount of necrosis and 
other sequelae. 

The presence or absence of* persistent 
cancer in a previously irradiated, uterus 
cannot be interpreted as an accurate index 
of the end-result to be expected. Due to the 
marked improvement in irradiation effect 
noted for multiple capsules, however, it is 
believed that an improvement in clinical 
results is to be expected. 
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The value of preoperative irradiation 1s 
e discussed, and for operable cases it is 
recommended that hysterectomy be pre- 
ə ceded by preliminary roentgen irradiation 
and radium applied within the’ uterus. 
A multiple-capsule technique is advocated 
for the intra-uterine radium treatment of 
both operable and inoperable patients. The 
uterus is known to have been perforated in 
one instance. Experience with that patient 
is described briefly. 
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DISCUSSION OF PAPERS BY DRS. BOWING 
AND FRICKE, MARTIN, AND NOLAN 
AND ARNESON 


Dr. Maurice Lenz, New York. Drs. Bowing 
and Fricke have shown that prognosis in cancer 
of the fundus and cervix depends on the clinical 
stage of the cancer, at the time of treatment. 
Results of hysterectomy, the use of which is 
limited to Stages 1 and 11, therefore cannot be 
compared with the results of radiotherapy, 
which, besides Stages 1 and 1 includes Stages 
IH and Iv. 

In radiation treatment of cancer of the cervix, 
the clinical stage was practically the only factor 
which determined the outcome of the treat- 
ment. In irradiated cancer of the fundus, on the 
other hand, microscopic grading also influenced 
prognosis. In this connection, it should be borne 
in mind that clinical classification, as to the 
extent of the tumor, is less accurate in cancer 
of the fundus than in cancer of the cervix. In 
cancer of the fundus, therefore, it is riore likely 
that more of clinical Stage 1v cancers will, be 
mistakenly classified as less extensive stages, 
than in cancer of tle cervix. The majority of 
the extensive fundus cancers probably fit into 
the less differentiated groups. The same may be 
said of the cervix. Intensive and more adequate 
irradiation of the entire pelvis, however, is more 
commonly carried out in cancer of the cervix 
than in cancer of the fundus. The grave in- 
fluence of anaplasia in cancer of the cervix is 
illustrated by the surgical results in this disease. 

Dr. Martin has emphasized the importance 
of avoiding over-irradiation of the intestine and 
bladder when irradiating cancer of the cervix. 
In addition to burns due to gross physical 
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beams and misplacement of radium tubes, 
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there may be physiological reasons for injuries 
of adjacent structures, as e.g., when seeds or 
needles are repeatedly inserted into poorly 
vascularized vaginal septa or when a large 
amount of roentgen radiation or radium 1s ad- 
ministered in a short time; the rectum and 
bladder do not support intensive short treat- 
ment as readily as when the same quantity of 
radiation is delivered in a longer period of time. 
The report of the Standardization Committee 
of the American Radium Society in 1937 called 
special attention to this possible source of 
injury, basing its conclusions on a survey of 
2,855 radiation treated cancers of the cervix. 
As a result of this survey, the period of the 
intracavitary radium therapy at the Presby- 
terian Hospital, New York, was raised ‘from 
forty to one hundred hours, and the period of 
the roentgen treatments was lengthened from 
twenty to forty or even sixty days, while retain- 
ing the same total radiation doses. Since then, 
practically no bladder or intestinal injuries 
have been seen at the Presbyterian Hospital. 

In spite of the danger of irradiation injury in 
radiotherapy of cancer of the cervix, the im- 
portance of roentgen treatment should not be 
underestimated, even in cases which clinically 
are classified as Stages 1 and 11. Clinical deter- 
mination of the extent of the cancer 1s not very 
accurate, and intracavitary radium does not 
adequately irradiate silent parametrial exten- 
sions and regional lymph node metastases. 
While the roentgen-ray dosage which may be 
administered safely is probably sufficient only 
to restrain such growths and not to destroy 
them, even this effect may prolong life. 

Drs. A«neson and Nolan clearly demon- 
strated that in the radium treatment of cancer 
of the fundus in large uteri, Heyman's method 
of filling the uterus with multiple radium tubes 
is superior to the use of single, "Y" shaped, or 
trible, radium-containing applicators. Ade- 
quate intra-uterine irradiation in fundus cancer 


is important especially in very fat women, as . 


in them it is difficult to deliver a satisfactory 
depth dose with external 200 kv. roentgen 
therapy. 


Dr. Mitton Frrepman, New York. I would 
like to discuss two points: first, there is no 
question that in the treatment of carcinoma of 
the cervix the addition of roentgen therapy to 
radium therapy improves the results. Under 


certain ideal circumstances (a radiosensitive * 


tumor in a thin patient), the daily tumor dose 
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and the total dose may be such that roentgen 
therapy alone can eradicate the tumor. 

Under different circumstances, pre-radium 
roentgen therapy can unfavorably affect the. 
outcome. In obese patients, the daily tumor * 
dose is inadequately small, being in the 
neighborhood of 100 r. When such irradiation 
is carried on for four or five weeks, and then 
another week or two elapses while the patient 
is being admitted to the hospital and prepared 
for operation, there may be a total lapse of time 
of five to seven weeks between the first roentgen 
treatment and the radium insertion. As a result, 
only the more radiosensitive tumor cells are 
destroyed; the remaining cells mature and b 
come more radioresistant; the tumor bed 
comes more fibrous and less vascular; and con- 
sequently it becomes necessary to administer a 
very large dose of radium to a tumor which is 
now more radioresistant, and which lies in a 
tumor bed that is now less tolerant to radiation. 
This was strikingly illustrated in a series of 
patients who received preliminary roentgen 
therapy of 3,000 to 4,000 r to each of four skin 
portals over a period of five weeks, and then 
7,000 to 8,000 mg-hr. radium (Curie technique). 
To our amazement, one-fourth of the patients 
developed local recurrences in the cervix itself. 

The solution is varied, depending upon the 
radiosensitivity of the tumor, the skin-tumor 
distance, and the daily tumor dose. The arrest 
of carcinoma of the cervix is accomplished es- 
sentially with radium. Roentgen therapy is an 
adjuvant which offers variable though limited 
assistance. 

Another point: There appear to be as many 
corpus carcinoma radium gadgeteers as there 
are military armchair strategists. T'he principles 
of multiple foci of radium, and flexibility of 
their dispersion are essential. When multiple 
tubes are used, it is necessary to fix them in 
position, otherwise they will drop to the ede- 
pendent part of the uterus, and will leave the 
fundus and upper corpus under-irradiated. At 
least one tube should rest broadside against the 
fundus. Little radiation comes from the end of 
a radium tube. Several tandems sifuated more 
or less vertically in the uterus will ngt effec- 
tively irradiate the fundus and the cornua. 


Dr. Bowing (closing) As to Dr. Lenz’s 
reference to the statistical phase of my paper, 
I am sorry that I do not feel qualified to enter 
upon a worthwhile discussion of the probable 
values contained in statistical data, and the 
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best or most suitable method of calculating the 
e 'end-results in the treatment of cancer of the 
uterus. I am most certain the Division of Biom- 
etry and Medical Statistics at the Mayo Clinic 
would be glad to provide a discussion of our 
methods of calculation and presentation of 
statistical material. I shall be pleased to help 
Tn every way I can. 

The point which Dr. Lenz wishes to make in 
his statement that all Grade 4 lesions, if studied 
would be found to be inoperable because of 
their extent alone is not clear to me. In the 
main, his statement is acceptable; however, it 
seems possible that in some cases a lesion of 
‘Stage 1 or 11 could have a Grade 4 pathologic 

nge or category. In other words, Dr. 
Broders' early studies concerning the estima- 
tion of grade were carried out on surgical ma- 
terial When grade alone was considered, 
per cent of those patients who had Grade 4 
lesions did poorly after surgical intervention. 
Studies are in progress which will show the 
relationship between grade and stage of in- 
volvement and the surgical results obtained. 

The influence of the age of the patient and 
the grade of the lesion is of interest. On the 
basis of our limited studies of cases of cancer of 
the uterine cervix, we may conclude that age 
does not affect grade in that the young adult 
patient may have malignant lesions of any 
one of the four grades. There seems to be no 
predominance of particular observations in the 
group studied. 

The point I wish to emphasize is that the 
gross characteristics and extent of a lesion of 
the uterine cervix are, in the main, the deciding 
factors governing the initial application of 
radium. In other words, the treatment is not 
administered with only the grade of the lesion 
as the determining factor. Furthermore, it is 
important to space applications of radium so 
that local necrosis or enhancement of the local 
necrosis already present will be avoided, and 
so that regional and systemic reactions will be 
reduced to a minimum. In brief, the importance 
of individualized radium cherany | Is recognized. 

We rather expected the results obtained 
in the ,treatment of cancer of the body of 
the uterus, because the radium treatment of 
that particular condition can be classed as a 
standard technique, devoid of many valuable 
individual factors. Therefore, our results should 
be rather uniform for comparisons. 

Dr. Friedman mentioned the fact that many 
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different types of radium applicators have been 
designed for intra-uterine treatment, although 
my experience with the various types is rather 
small. Yet, I am of the opinion that as a rule 
they all possess common factors governing their 
limitations in intra-uterine treatment. 

In answer to the inquiry concerning the use 
of preliminary roentgen treatment in our cases 
of cancer of the uterine cervix, I can say that 
we do not employ this method routinely. We 
do have in our files records of a small number 
of patients so treated, as well as records of a 
larger number of patients who came to our 
section for further consideration after pre- 
liminary roentgen treatment had been ad- 
ministered elsewhere. On the basis of these 
observations and our own experience, we be- 
lieve that the rather prompt beneficial response 
obtained by the initial application of radium 
produces a superior early result, and that, also, 
the economic or time factor involved in the 
technique of preliminary roentgen treatment is 
greater than it is in our procedure of initial 
radium therapy followed by supplemental 
roentgen therapy. I feel rather certain that 
there is as yet no substitute for the well-planned 
technique of initial treatment with radium for 
patients who have cancer of the uterine cervix. 

I agree with Dr. Martin’s statement that 
maintenance of the integrity of the tissues 
which compose the tumor bed is very essential 
for satisfactory early and late results of treat- 
ment. The selection of the proper treatment 
factors for each patient will make the con- 
valescence shorter and reduce to a minimum the 
probable late, painful and disabling sequelae. 
This feature of any technique of treatment is 
worthy of all possible attention. 

Preoperative irradiation was also mentioned. 
This is a very interesting method of treatment 
and is deserving of consideration. Briefly, pre- 
operative treatment is applied today in a véry 
limited way. The few patients we have treated 
were treated by various techniques. Satis- 
factory statistical studies are not available. 
Evidently, some definite good can be expected 
from the procedure. A suitable preoperative 
technique remains to be established. Certain 
features seem important. For example, (1) the 
treatment should be administered with the 
thought in mind that other therapeutic pro- 
cedures will follow; (2) the time allowed be- 
, tween this type of treatment and surgical inter- 
"vention should be sufficient to permit the 
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utmost good to result from the therapeutic 
effects and to permit tissue reactions to sub- 
side, and this interval probably is a matter of 
weeks or in some cases months, and (3) it 
should not be expected that inoperable lesions 
will be made operable by means of preoperative 
treatment. In the future this method of treat- 
ment may become more favored than it is 
today. In some communities an economic factor 
may limit general acceptance of it. 


Dr. Martin (closing). I wish to thank Dr. 
Lenz for his excellent discussion and to apolo- 
gize for not stressing his report made in 1937. 
Apparently his experience more or less parallels 
ours. The numerous reports of serious injuries 
which have appeared in medical journals during 
the past few years indicate that his work has 
been disregarded in many quarters. 

I will be much interested in his final survival 
rate in Stage 111 cases treated with his intensive 
roentgen-ray technique without serious se- 
quelae. Most of the reports which I have 
studied have not shown enough improvement 
in five year survival rate from the more in- 
tensive techniques to convince me that the 
increased danger to normal structures is Justi- 
fiable. 

Dr. Lenz stated that intensive preliminary 
roentgen therapy makes the application of 
radium easier. In our experience such has not 
been the case. This is probably due to the fact 
that we like to use large radium spools in the 
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vaginal vaults and the shrinkage resulting from 
the roentgen irradiation makes their proper’, 
application practically impossible. 

In going over the literature I have been un- 
able to find any accurate experimental data 7 
covering the exact tolerance dcses for the 
normal structures in the pelvis under standard 
treatment conditions. In my opinion, some o 
the research departments in our large institu- 
tions should be put to work on this important 
problem. 

Since I also have devised a radium applicator 
for the treatment of cancer of the uterine 
fundus, I cannot resist the temptation to dis- 
cuss that subject. The multiple capsules ad-- 
vocated by Heyman are only effective wh@#n, 
they are kept well up in the top of the uterus in 
intimate contact with the malignant tissue. If 
they are held in place by a pack, drainage is 
interfered with and when they are not packed 
in position they tend to fall away from the 
tumor. Each of our capsules is attached to a 
short wire by a hinge. A loop on the lower end 
of each wire protrudes through the external os 
and when the fundus is filled with capsules 
drainage is maintained along the wires which 
insure their being held in the proper position. 


The hinges allow the capsules to be maneuvered 


into uterine cavities of various shapes and sizes. 
It seems reasonable to assume that Dr. Healy’s 
prognostic sign, namely, the size of the uterus 
may no longer be so important when the larger 
tumors are more efficiently irradiated. 
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CANCER OF THE CERVIX 


zi THE EFFECT ON THE RATE OF CURE OF INCREASED ROENTGEN 
RADIATION TO THE PARAMETRIA* 


E By WILLIAM P. HEALY, M.D., and GRAY H. TWOMBLY, M.D. 


From the Memorial Hospital 
NEW YORK, NEW YORK 


s 
I THE six years from 1932 to 1937, nine 
hundred and twenty cases of primary 
cancer of the cervix were seen in the gyne- 
cological department of the Memorial 
Hospital. This total is large. The patients 
have been seen and treated by a few men. 
Diging this period the method of giving 
radium has been practically constant while 
several different schemes of giving external 
roentgen therapy have been used. Con- 
sequently, this group of cases offers an al- 
most ideal set of statistics for an inquiry 
into the question of what value roentgen 
therapy may have in the treatment of can- 
cer of the cervix and what form of roentgen 
therapy appears to be the most effective. 

In 1931 Healy* reviewed the results of 
treatment of 1,574 cases of carcinoma of 
the cervix at the Memorial Hospital. This 
-included all cases seen and treated from 
1918 up to 1931. During this period the 
treatment given consisted of a vaginal 
bomb for 1,000-3,000 mc-hr. with a filtra- 
tion of 2 mm. of brass, and an application 
of radium to the cervical canal of 1,500 to 
3,000 mc-hr. filtered with o. mm. of 
platinum or gold and 1 mm. of rubber. In 
addition, from 1918 to 1925, unfiltered 
glass radon seeds for 200 to 2,000 mc-hr. 
were inserted into the cervix. In 1925 these 
were replaced with gold seeds, 0.3 mm. in 
wall thickness. 

External irradiation was given from 1918 
to, 1921 with radium in an external pack in 
six positions around the pelvis. The radium 
was held on a brass and bakelite block 4 
cm. away from the skin and a total dose of 
9,000 to 18,000 mc-hr. given. In 1922 this 
was replaced by low voltage roentgen 
radiation with 4 mm. of aluminum filtra- 
tion delivered at a target-skin distance of 


.30 cm.; 140 kv. (peak). Sixty ma-min. or 
about 400 r were delivered to each of four 
fields. The roentgen as a unit of roentgen- 
ray measurement had not been established 
at this time. This dose is estimated on the 
basis of the skin reactions usually observed. 
In 1926 this type of treatment was replaced 
by high voltage roentgen therapy. 

As we know now, the amount of radia- 
tion delivered to the cervix or parametria 


by the external radiation therapy used 


from 1918 to 1926 was not very large. Con- 
sequently, the five year cure rate reported. 
by Healy of 22.5 per cent represents what 
may be expected by the application of 
radium alone to the cervix as we have con- 
tinued to use it, for the dose of radium used 
in our cases up to and including 1937 is 
essentially unchanged from that reported 
in this paper of Healy's. 

In 1937 Healy and Frazell’ reported the 
results of treatment of 551 cases of primary 
carcinoma of the cervix seen during the 
years 1928 to 1931, inclusive. These patients 
were treated first with high voltage external 
roentgen therapy delivered through four 
IO by 15 cm. pelvic portals. The daily dose 
was 750 r to one field. The physical factors 
were 200 kv. (peak), 4 or 30 ma., 50 cm. 
target-skin distance, and 0.5 mm. Cu fil- 
tration. Within a week or ten days followe 
ing the last roentgen treatment, a radium 
treatment of 1,500 mc-hr. was given di- 
rectly against the cervix by means of a 
vaginal applicator or “bomb.” The follow- 
ing day an intracervical and intra-uterine 
application of radium of 3,000 mc-hr. was 
made with two capsules, the filtration of 
which was o. mm. platinum and 1 mm. 
rubber. | 

The five year survival rate for this 


s 
* Presented at the Twenty-seventh Annual Meeting, American Radium Society, Atlantic City, N. J., June 8-9, 1942. 


e 519 


£20 


method of treatment in this group of cases 
was found to be 27.7 per cent. These figures 
suggest that the addition of more efficient 
high voltage external roentgen therapy 
previous to the local application of radium 
had raised the cure rate approximately 23 
per cent. 

In 1934 Arneson and Quimby? reported a 
study of the distribution of roentgen radia- 
tion within the female pelvis for different 
phvsical factors of irradiation. They con- 
cluded that the use of six pelvic fields, each 
IO by 15 cm. (two anterior, two posterior, 
and one on each lateral surface) with a tar- 
get-skin distance of 70 cm. was the most 
desirable of the methods thev investigated 
for giving external irradiation in cancer of 
the cervix. While this report was published 
in 1935, the studies which led up to it had 
been made several years previously and 
the treatment in favorable cases in our 
clinic had been changed in 1933 by using 
six fields, increasing the distance to 70 cm. 
and giving daily doses to each of two fields 
of 200 r. The total dose per field was 2,000 
to 2,400 r. Again the physical factors were 
200 kv. (peak), 30 ma. current, 0.§ mm. 
Cu and 2 mm. Al filtration. This treatment 
took three to four weeks to complete. It 
was estimated that it delivered 3 to § 
threshold erythema doses to the parametria 
for a distance of 10 to 11 cm. lateral to the 
cervical canal. This method of treating 
patientg was reported first by Healy and 
Arneson’ in September, 1933 (see Fig. 1). 

In 1935 Healy? made a preliminary re- 
port on 107 patients, who had been so 
treated. He found skin reactions and in- 
festinal disturbances more marked than 
with single doses of 700 r to each of six 
fields. Rarely were the skin reactions severe 
enough to force the stopping or postponing 
of the treatment, but occasionally the 
symptoms of large bowel irritation did so. 
Bladder symptoms were found to be mild. 
The immediate healing observed in the 
cervix and the marked regressive changes 
observed microscopically in the tumor, 
while not complete, were exceedingly en, 
couraging. 
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This method of treating cancer of the 
cervix was continued for several years and, 
will be referred to as “divided dose tech- 
nique” in this paper. It was used routinely, 
on clinic patients from 1933 to 1986 when 
the patient lived near the hospital so that 
daily visits were practical for her. ° 

In private cases, largely for economic 
reasons, treatment through four or six 
pelvic portals with doses of 700 to 750 r to 
each portal were continued throughout 
this period. Patients living at a distance 
were also so treated. This method will be 
referred to as "massive dose technique." 

It should be noted, as shown in Figur 5, 
that the total amount of roentgen radiation 
delivered to the parametria in the “divided 
dose" type of treatment is much greater 
than that given by the "massive dose" 
type. The tissues lying next to the walls of 
the pelvis receive less than one threshold 
erythema dose of radiation when a radium 
bomb and tandem alone are used. With 
the "massive dose” type of treatment these 
tissues receive 0.8 to 2 threshold erythema 
doses. When the “divided dose" technique 
is used and 12 X200 r (2,400 r) is delivered 
at 70 cm. to each of six fields, the same 
areas receive 4 to 7 threshold erythema 
doses. Of course, it must be remembered 
that "massive dose" technique requires 
only a week or less to deliver the full dose, 
while "divided dose" therapy usually re- 
quires thirty-six treatment days or six 
weeks. Thus, the increase in dose to the 
parametria is probably less than arithmet- 
ical if one considers the factor of biological 
recovery taking place in such a treatment 
interval. . 

In his report in 1935 Healy? notes ob- 
servations made by Stewart on multiple 
biopsies taken from the cervix during the 
course of "divided dose" roentgen therapy. 
Stewart felt that in some instances the later 
biopsies showed a slowing up in irradiation 
effect on the cancer cells after a week or 
ten davs of treatment. Following this lead 
14 cases were treated through four portals 
giving 200 r X5 to each portal, or a total 
of 1,000 r, and then increasing the daily 
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dose to 300 r for five additional treatments 
eto each portal. This gave a total dose of 
2,500 r. Two cases were given 200 r for one 
Cycle, 300 r for four cycles, and 400 r for 
three cyeles, or 2,600 r per portal. Another 


15 X 10 QM. 


RADIUM: 


Cancer of the Cervix 





521 


nique was adopted and has been used on 
all ambulatory clinic cases living near the 
hospital up to the present time. This we 
will refer to as “pyramidal dose technique." 
It consists in treating the patient through 
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RADIUM: 






TANDEM 3000MC-HRS. TANDEM 3000 MC-HRS. 
BOMB 1500 MC-HRS. BOMB 1500MC-HR8. 
ROENTGEN RAYS:  H.V.L» I.OMM.CU. ROENTGEN RAYS: H.V.L.» 1.0 MM.CU. 

200 KV. 50 CM. 200 KV. TO CM. 


700 R. TO EACH OF 
FOUR FIELDS 
(MEASURED IN AIR) 


200 R.X 1I2(2400R)TO EACH 
OF SIX FIELDS. 
(MEASURED IN AIR) á 


Fic. 1. A diagram to show the distribution of radiation in the average female pelvis when the radium dosage 
Is kept constant (bomb with 1,500 mc-hr. Tandem =2,000 mc-hr. in the lower capsule, 1,000 mc-hr. in the 
upper capsule) and the external roentgen therapy is varied. It should be neted that "massive dose" as 


pictured would take four days to deliver; “divided dose," thirty-six days, and this time interval is of bio- 
logical importance (data for diagram taken from Arneson).! ° 


method followed in some cases was to give 
2©0 rXs to each portal and follow with 
250 r X2 og a total of 1,500 r to each of six 
portals. The groups so treated were small 
and al? are included under the heading 
"divided dose technique." 

In 1936, following the suggestions of 
Stewart about the apparent increasing ra- 
dioresistance of cervical cancer during the 
course of roentgen therapy, a new tech- 


six pelvic portals, each 10 by I5 cm., two 
anterior, two posterior, and one on each 
side. The factors are 200 kv. (peak), 0.5 
mm. Cu filter, 30 ma. current, and 70 cm. 
target-skin distance. Two opposite portals 
are treated daily. These receive 100 r the 
first day. Two more receive 100 r the next 
day, and the last two 100 r on the third 
day. On the fourth dav the first two por- 
"tals receive 150 r, and so on. The third 
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cycle is 200 r per portal; the fourth, 250 r; 
the fifth, 300 r; the sixth, 350 r; and the 
seventh, 350 r. This totals 1,700 r per 
portal. This amount of roentgen radiation, 
with the factors given, seems, in the ma- 
jority of the patients so treated, to repre- 
sent the maximum dosage that the normal 
tissues in the irradiated fields can with- 


150 
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Fic. 2. Age distribution of 920 cases of primary car- 
cinoma of the cervix seen at the Memorial Hospi- 
tal between 1932 and 1937 inclusive. 


stand. Moreover, at this dosage level many 
patients are inclined to develop marked 
digestive and intestinal disturbances. The 
entire treatment takes three and a half 
weeks. Four to six weeks later a vaginal 
applicator containing radium is inserted 
for 1,0co to 1,500 mc-hr. and the next day 
aeradium tandem is placed in the cervical 
canal for 3,000 mc-hr. The filtration is 0.5 
mm. platinum and 1 mm. rubber. Two 
tubes of radon are used, the upper, which 
goes into the uterine cavity, containing 
one-half the amount in the lower capsule 
while lies directly against the cancer in the 
cervix. 

As mentioned in our introductory para- 
graph, tliis method of applying radium has 
not changed from 1932 to the present. We 


have then, a large number of cases receiv-" 
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ing the same dose of radium, seen by the 
same attending physicians, followed with, 
the same care, and drawn from the same 
population, the only variable being the use 
of one of three methods of externgl roent-" 
gen therapy, i.e. "massive," "divided," 

“pyramidal dose technique." š 


MATERIAL 


During these years 920 cases of primary 
carcinoma of the cervix have been seen 
and treated in our clinic. The age distribu- 
tion is given in Figure 2 which shows the 
highest incidence to lie between forty-five 
and’ forty-nine. Twenty-three cases were 
under thirty years of age; the youngest, 
twenty-two; thirteen were over seventy- 
five, the oldest being eighty-six. 

The majority of cases occurred in mar- 
ried women who had borne children. Of the 
920 patients, 607 were married and 240 
widowed while 42 were separated or di- 
vorced. Only 24 were single and of these, 6 
admitted that they had been pregnant or 
borne children. On 7 charts the marital 
status was not recorded. Thus, only 18 out 
of 913, or 2 per cent, were even nominally 
virgins. These figures serve to emphasize 
once again that cancer of the cervix is a 
disease of married and usually parous 
women. | 

Turning to the nationality of the pa- 
tients, as indicated by the hospital records, 
it is found that 417, or 45.3 per cent, were 
born in the United States. Italians made up 
the next largest group with 126, or 13.7 per 
cent. There were 78 Negroes, or 8.5 per cent, 
62 Germans, Dutch or Austrians, or 6.7 per 
cent, and 41 Irish, or 4.4 per cent. In 
spite of the large Jewish population in New 
York and the preponderance of Jews in our 
other clinics, only 46, or 5.0 per cent, were 
Jewish in this group suffering fom cancer 
of the cervix. This figure is a generous one. 
There was no way of checking race’save by 
the charts. If a name was Jewish but no 
special note was made of the patient's racial 
extraction, she was counted as Jewish. 
Consequently, the 46 probably include sev- 
eral who do not belong in this group. It is 
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: 
indeed a striking fact that a maximum of 
M only § per cent of the cases of cancer of the 
cervix occurred in Jewish women, and it is 
hard to believe that this can be accounted 
"for by any marked difference in sexual 
hvgiene. The occurrence of cancer in the 
@rvix among married women with un- 
circumcised husbands would seem a fertile 
feld for research into etiological relation- 
ships. 

The possibility that the kind of partner 
may plav a larger róle than the paritv of 
rhe patients is suggested further when one 
examines the reproductive histories of our 
pasents. Of £32, in whom complete repro- 
ductive histories were recorded, 70, or 13.1 
per cent, had never been pregnant. Many 
had been pregnant a large number of times, 
however, so that the average number of 
pregnancies was 4 per patient. The number 
of viable births in this group averaged 
3.03 per patient. 

Is there any abnormalitv about the men- 
strual history of patients who later develop 
cancer of the cervix? Our data are not com- 
plete, but what we have fail to show anv 
striking features. Of 379 patients, 221 
stated that the onset of their menstrual 
periods was between the ages of thirteen 
and fifteen. Ninetv-four began to men- 
struate at the age of twelve or vounger; 64 
at sixteen or older. Of 413 patients, 390 
menstruated every twenty-four to thirty- 
two days; 22 every twenty-three days or 
less and 1 every thirty-three days or longer. 


TABLE | 


DURATION OF SYMPTOMS 


E — > s n 
Length of Time No. of Cases 


Under 2 weeks 21 


Between 2 weeks and 1 month 49 
| to 2 monthg L4 1 
3 to 5 months 228 
6 to 11 mpnths 196 
12 to 23 months 151 
24 to 35 months 56 
36 months or more 50 
Not stated 28 
TOTAL 920 
E 
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The duration of flow was three to six days 
in 296 patients. [t was prolonged to seven 
days or more in $4 and was scanty, lasting 
two davs or less, in 19. Thirty-five patients 
said that ther periods were "irregular." 
An attempt was made to determine 
whether anv previous gvnecological opera- 
tions had been performed on manv of the 
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FiG. 3. Age at the menopause of 402 cases of 
cancer of the cervix. 


patients but on this point not much infor- 
mation was recorded on the charts. Thirty- 
two patients said that thev had undergone 
dilatation and curettage previous to the 
onset of the present illness. In 1 case the 
cervix had been cauterized. In 7 it had been 
repaired. Evidently the last type of opera- 
tion will not prevent cancer of the cervix in 
all cases. In 24 patients some tvpe of vagi- 
nal plastic operation had been done. Forty- 
eight had lost one or both ovaries. 

In 383 the menopause had not been 
reached. The age distribution at the meno- 
pause in the remaining 402, in which th$s 
fact was recorded, is shown in Figure 3 
with the highest incidence at forty-six to 
forty-seven and fifty to fifty-one. 

Of course the commonest symptom of 
cancer of the cervix is bleeding. This was 
noted as occurring between the periods or 
after the menopause in 786 instances. Con- 
tact bleeding was noted by 138 patients; 
increased flow at the periods by 141; 449 
had vaginal discharge; 331, pain; 294, loss 
“of weight; while 18 had urinary inconti- 
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nence. In Table 11s recorded the duration of 
symptoms. It 1s to be noted especially that 
257 had been aware of some symptom for a 
year or more before they came to us. This 
Is 27.9 per cent of the whole group. It con- 
stitutes an unfavorable commentary on our 
ability to get early treatment to the patient 
with this disease. 

From these figures it is seen that our 
entire group of 920 cases are not very 
different from other groups having cancer 


TABLE II 


REASONS FOR UNSUITABILITY OF 351 CASES 
AS MATERIAL FOR THIS STUDY 














I. No bomb or tandem used in this hospital 100 
2. No bomb 75 
3. No tandem 31 
4. No primary roentgen therapy in this hospital 
but orthodox radium treatment $7 
5. No primary roentgen therapy or bomb 14 
6. No primary roentgen therapy or tandem 6 
7. Roentgen therapy only partially completed 3 
8. No roentgen or radium therapy in this hos- 
pital 40 
9. No biopsy obtained 17 
10. Patient followed for less than 1 month after 
completion of treatment 2 


11. Mixed forms of roentgen therapy (i.e., part 


massive, part divided) 3 
12. Radium given in some special manner 2 
13. Rare tumor of the cervix—‘‘adenomyosar- 

coma” I 

TOTAL 351 








of the cervix. They emphasize again the 
points which are already well known, that 
cancer of the cervix occurs in married 
women but fails to appear with expected 
frequency among Jewish women in spite of 
their varied social and national back- 
grounds and their frequently high birth 
rate. 
THERAPY 


We come now to the main part of this 
paper, a consideration of the results of 
different types of external roentgen therapy 
on the cure rate. In a search of the litera- 
ture few studies were found in which any 
such comparison has been made. Schmitz,, 
Schmitz and Sheehan!’ have compared the 
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results they obtained with radium (3,000- 
4,000 mg-hr.) and 140 kv. roentgen rays e 
(20.8 per cent gross three year cure rate) 
with a group treated with radium (4,500, 
mg-hr.) and 200 kv. roentgen raws (29.2 
per cent gross three year cure rate) and 
with a group of 34 treated with 800 kw 
roentgen rays (50 per cent gross three year 
cure rate). A later report by Schmitz and 
Sheehan! records 26 cases treated with 
800 kv. roentgen rays and radium with 12 
survivors at five years, or 46.1 per cent. 

Several authors have published statistics 
on the improvement in five year cure rates 
in cancer of the cervix when roentgen tlfere 
apy was added to the radium treatment 
previously used. For instance, Smith and 
Pemberton” report a 42 per cent five vear 
cure rate for patients treated with roentgen 
rays and radium from 1929 to 1933 inclu- 
sive, and compare this with 28 per cent 
cured between 1924 and 1928 by radium or 
surgery or both. Of 106 cases treated in 
1929 to 1933 with radium alone, 30, or 28 
per cent, survived at five years, while of 154 
cases treated with radium and roentgen 
radiation in the same years, 65 survived 
(42 per cent). That this represents a real 
increase in survival rate is suggested by 
their gross survival rate of 38 per cent of all 
cases seen in these later years. 

Meigs and Jaffe? report a group of 70 
cases with 24 showing clinical cure at the 
end of five vears, or 34.4 per cent. This they 
attribute to external roentgen therapy. 

Several papers have appeared in which 
varying techniques of radium application 
have been compared, notably papers by 
Pitts and Waterman,’ and the League of 
Nations reports, so ably reviewed and sum- 
marized by Swanberg,? but with this ques- 
tion we are not concerned in this paper. * 

With our own cases we have selected for 
comparison only those cases in which the 
following criteria were fulfilled: 


I. The diagnosis was confirmed by biopsy. 

2. The patient was treated with a vaginal 
applicator for at least 1,000 mc-hr. 

3. A tandem of radon capsules was inserted 
into the cervix. 


Cancer of the Cervix 
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Tague II 
FIVE YEAR CURE RATES 


387 cases seen from 1932 to 1935 inclusive, proved by biopsy, treated by radium and 
full roentgen therapy and followed after treatment 
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League of Nations Classification 


un sm 


Per 
Cent I Cent; un 
Massive Dose 
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Divided Dose 
Total 99  IOO 12 I2 32 
Lost under 5 
years 0 75.4 I 8.3 3 
Dead under 5 | 
years cause 
unknown or 
cancer 5I 
Dead under § 
years with- 
out cancer 3 
Alive at § years 
without can- 
cer 35 
Alive at 5 years 
with cancer 4 4.0 9 8.3 Oo 


35.4 6 50.0] 16 


4. Either “massive dose,” “divided dose,” or 
“pyramidal dose” technique of roentgen ther- 


- apy was used. If less than three-quarters of the 


scheduled treatment was actually delivered, the 
case was not considered suitable. 

£5. The case was followed for at least a month 
after completion of therapy. 


When these criteria are applied, of 597 
cases seen and treated between 1932 and 
1935 inclusive, 288 are suitable as examples 


of “massive dose technique" and 99 as, 


examples of "divided. dose technique.” If 
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the 920 cases seen from 1932 to 1937 in- 
clusive are studied and three year cure 
rates used, 363 are suitable as examples of 
"massive dose technique," 163 as examples 
of “divided dose technique," and 43 as ex- 
amples of “pyramidal dose technique,” or 
a total of 569. The remaining 351 were 
considered unsuitable for this study for the 
reasons listed in Table n. 

In Table im are given the five year cure 
rates of the suitable “divided dose" and 
"massive dose" cases. They are respec- 


TABLE IV 
e 
THREE YEAR CURE RATES . 


$69 cases seen from 1932 to 1937 inclusive. These cases include all proved by biopsy, 
treated by vaginal and cervical radium application, and by full roentgen therapy : 
and followed for at least a month after the completion of the treatment 
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tively 35.4 per cent and 28.5 per cent. 

In Table rv are the three year cure rates 
for all suitable "divided dose," “massive 
edose,” and “pyramidal dose" cases. They 
are 36.1°per cent, 33.9 per cent and 30.2 per 
cent respectively. The three year survival 
rates are 40.4 per cent for “divided dosage," 
38 per cent for “massive dosage," and 
37.2 per cent for “pyramidal dosage." 

The increase in five year cure rates from 
28.5 per cent to 35.4 per cent by changing 
the method of external roentgen therapy 
from "massive dose technique" to “divided 
dose technique" is impressive. Are these 
differences in end-results real or are they 
the result of selection of cases? Obviously, 
if all the favorable cases were treated by 
"divided dose technique," one would ex- 
pect a higher cure rate in this group. 

In order to answer this question, the 
entire group was reviewed by one of us, 
each history being read with great care, 
and the case assigned to a League of Na- 
tions classification irrespective of how it 
had been originally classified. In this work 
the diagrams published in "An Atlas Illus- 
trating the Division of Cancer of the Uter- 
ine Cervix into Four Stages”? published by 
the League of Nations, were constantly 
referred to. It is unfortunate that the 
League of Nations Committee in 1937 
changed the basis of its classification, 
notably by putting cases formerly classified 
as Stage Iv because of fixation into Stage 
nr, reserving for the former group only 
cases with extension into the bladder or 
rectum or distant metastases. Because of 
this change in classification and because of 
the confusion arising in some minds be- 
tween the League of Nations system and 
tbat proposed by Schmitz, grouping of 
cases by classes is often not uniform, and 
it seemed wiser to attempt a reclassification 
of all our cases by one man on the basis of 
the clinical description on the history. 
While admitting the difficulty in deciding 
on classification by description alone with- 
out recourse to examination, nevertheless, 
when such a classification is done without 
reference to the type of treatment the pa- 
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tient subsequently received, any errors 
should be equal in different treatment 
groups. Such a classification ought to form 
a fair basis of comparison of one treatment 
group with another. 

The classification of the three suitable 
groups according to extent of disease is 
recorded in Tables 111 and Iv. An inspection 
of these tables shows that of the "massive 
dose" cases in the five year group, 17 per 
cent were in Stage I, 34 per cent in Stage 1, 
44. per cent in Stage 111 and 2 per cent in 
Stage Iv, with 3 per cent not classifiable. 
cases, I2 per cent 
were in Stage 1, 32 per cent in Stage 11, 43 
per cent in Stage II1, and none in Stage Iv; 
7 per cent were not classifiable. Thus 5 per 
cent more of the "massive dose" cases fell 
into the early or operable group than did 
the "divided dose" cases. Similarly, when 
we examine Table 1v covering all suitable 
cases from 1932 to 1937 inclusive, we find 
18.7 per cent of the “massive dose" cases 
in Stage 1, 33.6 per cent in Stage 11, 43 per 
cent in Stage III, and 2.2 per cent in Stage 
IV, and 2.5 per cent unclassified. Of the 
"divided dose" cases, 11.0 per cent are in 
Stage I, 31.9 per cent in Stage II, 49.7 per 
cent in Stage 111, none in Stage Iv, and 7.4 
per cent unclassified. Of the “pyramidal 
dose" cases, 11.6 per cent are.in Stage I, 
30.2 per cent in Stage II, 53.5 per cent in 
Stage 11, and 4.7 per cent in Stage Iv. 

Of all suitable cases, 15.9 per ceñt are in 
Stage I, 32.9 per cent in Stage II, 45.7 per 
cent in Stage I1, and 1.8 per cent in Stage 
IV. If we correct by these figures our cure 
rate for each treatment group, we find the 
corrected five year cure rate to be 28.1 per 
cent for the "massive dose technique," and 
36.8 per cent for the “divided dose tech- 
nique," while the three year cure rate IS 33 
per cent for the cases treated by “‘mas- 
sive dose technique," 37.2 per cent for 
the "divided dose” cases, and 31. 6 per 
cent for the “pyramidal dose" cases. 
Thus the observed differences in cure rates 
for various. forms of roentgen therapy 
care not dependent on selection of cases by 
extent of disease. Rather were the less 
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TABLE V 
BIOPSY CLASSIFICATION—MASSIVE DOSE 
S Carci Adeno- Adeno- || Not " 
son. eect NEERA carcinoma canthoma | raded 
Grade Per | Grade Per | Grade Per Per || x; Per ; Per 
" k à | No. «A | NO. za No. . e 
I Cent 2 Cent 3 Cent | Cent Cent Cent 
Total 16 6 239 97 30 IO 4 I 3 I 12 4 
Lost 2 12.5 | 15 6.8 I 3.5 O O | O O O O 
Died with can- | 
cer or? 6 — 47.4 135 60.8 21 70.0 | 26 |o] 2 č 1.9 
Died without 
cancer O O 5 1.8 | 1.3 ge 3.3 O O 
Living at § yr. | 
without dis- | | "€ x 
ease 8 50.0 62 27.9 6 20.0 2 $O I 25.3 $ §0 
Living at § yr. | 
with disease O O 5 2.5 | i9 O O | O o || I 8.3 
BIOPSY CLASSIFICATION—DIVIDED DOSE 
s Carci Adeno- | Adeno- Not 
Squ: is C: oma 
PSs ye ee carcinoma | canthoma Graded 
Grade Per | Grade Per | Grade Per || ,. Per || ., Per i Per 
» No. | No. 4 Nó. A 
Cent 2 Cent 3 Cent Cent Cent Cent 
Total 3 3 80 80 9 9 : 1 2 2 2 2 
Lost I 45.4 5 P O O O O | | oO O O O 
Died with can- | | 
cer or? I PA 41 $1.0 4 445| 2 66.6 2 100 I $0 
Died without 
cancer O O 3 UM. O O O O O O O O 
Living at $4 yr. | 
without dis- | | 
ease I 33.3 28 35 5 ccs I 2153 O O | I 50 
Living ag 5 yr. | 
with disease | œ O 3 B|) ð o | o O O ó | o O 



































favorable cases treated by the more suc- 
cessful “divided dose” type of therapy. 
Can the apparent superiority of the 
“divided dose technique” be explained on 
the basis of the age distribution of the pa- 
tients in the treatment groups? In general, 
the older patients were treated by ''mas- 
sive dose," since this entailed fewer visits 
to the hospital and less physical effort. For 
instance, between 1932 and 1935, 47 per 
cent of the patients receiving “massive 
dose" therapy were under fifty and 53 per 
cent were fifty or over, while 65 per cent of 
the patients receiving "divided dose" ther- 





apy were under fifty and 35 per cent over 
fifty. How little significance this has is seen 
when it is pointed out that of all suitable 
cases treated over five vears ago those over 
fifty showed a higher five year survival 
rate, 36 per cent, than did those under fifty, 
32 per cent. That is, the older patients 
treated by “massive dose technique" really 
constituted the more favorable cases. In 
spite of this they did not do so well as the 
younger patients receiving "divided dose 
technique." If we correct for age distribu- 
tion in the two groups, we find a 31.9 per 
cent five year cure rate for "massive dose" 
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therapy and a 39.4 per cent cure rate for 
* "divided dose" therapy. 
Finally, is it possible that the difference 


e in cure rate for massive and divided dose 


therap&\ can be explained on the basis of 
histopathological classification of cases? Is 
*it possible that the more slowly growing 
and perhaps more favorable histopatho- 
logical tvpes of tumors were treated more 
bv one technique than the other, therefore 
give a better cure rate for that technique? 
In Table v is seen the classification of the 
386 suitable cases by biopsy report. It is 
noted that in the group treated by ‘“‘mas- 
*sive dose technique" 6 per cent were in 
Grade 1 with a 5o per cent cure rate, 77 per 
cent in Grade 2 with a 27.9 per cent cure 
rate, and 10 per cent in Grade 3 with a 20 
per cent cure rate. In the "divided dose" 
group, 3 per cent were in Grade 1 with 33 
per cent cures, 80 per cent in Grade 2 with 
35 per cent cures, and g per cent in Grade 
3 with 55.5 per cent cures. If this inequality 
of histopathological picture be corrected 
for again the difference in five vear cure 
rate between the two groups 1s made more 
rather than less marked, 29.5 per cent for 
"massive dose" and 37.7 per cent for ''di- 
vided dose." 

In brief, then, in our clinic comparable 
groups of cases treated exactly the same 
except for the tvpe of external roentgen 
therapy received show that the so-called 
"divided dose technique" gave a 35.4 per 
cent five year cure rate, while "massive 
dose technique’ gave 28.5 per cent. These 
differences are made more marked rather 
than less if the statistics are corrected for 
extent of disease in the two groups, age 
distribution, or histopathological classifica- 
„tion. That the difference in cure rates is real 
is further suggested bv larger numbers of 
cases folfowed only three years in which 
again a decided increase in cure rate is seen 
in those receiving the "divided dose" ther- 
apy. 


SUMMARY 


I. Nine hundred and twenty cases of pri-» 


mary carcinoma of the cervix observed in 
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Memorial Hospital from 1932 to 1937 in- 
clusive are reported and reviewed. 

2. The peak in age incidence in this 
group lay between forty and fifty-five. 

3. Only 24 of the 920 cases were single 
and of these 6 admitted that thev had 
borne children. | 


4. Of foreign born patients, Italians 
showed the highest incidence of cervical 
cancer. 


5. Negroes formed 8.5 per cent of the 
group. 


6. Only 46, or 5 per cent, of the cases 
were Jewish, in spite of the large number of 
Jews in the population of New York City. 

7. When the same kind and amount of 
radium was given to patients treated bv 
different types of external roentgen ther- 
apy, it was found that a 28.5 per cent five 
year cure rate followed the so-called ‘‘mas- 
sive dose technique," while 35.4 per cent 
followed the "divided dose technique." 
This difference was not due, as far as could 
be determined, to the extent of the disease 
in the patients making up the two groups, 
the age of the patients, or the histopatho- 
logical grades of tumor found to be present. 
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THE PRODUCTION AND CHARACTERISTICS OF 


3,000 KILOVOLT ROENTGEN RAYS* 


By J. G. TRUMP, D.Sc., and R. W. CLOUD, M.A. 


Massachusetts Institute of Technology 
CAMBRIDGE, MASSACHUSETTS 


OLLOWING the development and in- 

stallation for medical use of a 1,000 kv. 
air-insulated electrostatic roentgen-ray 
generator at the Huntington Memorial 
Hospital in Boston in 1937! and of a 1,250 
kv. compressed air-insulated generator at 
the Massachusetts General Hospital’ in 
1940, the High Voltage Group of the 
Massachusetts Institute of Technology 
undertook the extension of the electrostatic 
method to substantially higher voltages. 

The resultant generator has produced 
roentgen ravs at steadv, constant voltages 
up to 4,000 kv., using air at 13 atmospheres 
pressure as the insulating medium, and has 
produced radiation at voltages up to 4,700 
kv., using a combination of air and Freon 
(CCIF) at this pressure. For the past vear 
this generator has been used to studv the 
physical properties of roentgen ravs pro- 
duced at these elevated voltages, and par- 
ticularly to observe the progressive change 
in these properties over the entire voltage 
range. Since the spring of 1942, the gen- 
erator has been available for radiation 
therapy at 3,000 kv., the preliminary re- 
sults of which are to be presented by Dr. 
Richard Dresser in a companion paper. 


HIGH VOLTAGE SOURCE 


jt may be well to review briefly the 
operating principles of the Van de Graaff 
tvpe of electrostatic high voltage source 
and the general features of the generator 
and tube,used in this work. The voltage 
source, as shown in Figure 1, consists essen- 
tially ef a well rounded, high voltage ter- 
minal about 2 ft. in diameter supported 
from the ground bv a column structure of 
alternate insulating and metallic spacers. 
A single insulating belt 12 in. wide travels 


at high speed within the column and trans- 
fers electric charge continuously between 
ground and terminal. The terminal voltage 
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Fic. 1. Roentgen-ray and cathode-ray generator. 
of the generator 1s evenly divided length- 
wise of the column bv means of resistors so 
as to produce a uniform gradation in poten- 
tial from the terminal to the ground plane. 
This assemblv is mounted within a metal 


* Presented at the Forty-third Annua! Meeting, American Roentgen Ray Society, Chicago, Ill., Sept. 15-18, 1942. 
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pressure tank so that by compression of the 
vas the electrically charged belt, terminal, 
and column may be insulated with a me- 
dium superior to air at ordinary pressures. 
The inside dimensions of this tank are 
41 ft. diameter by 15 ft. high. 

In operation, negative electric charge is 
sprayed on the insulating belt at its lower 
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Fic. 2. Depth dose in masonite phantom with 10 
by ro cm. field at 70 cm. distance. 


Kilovoltage Filtration 
290 o.5 mm. Cu 
1000 2mm. Pb 5 mm. Cu 
2000 6 mm. Pb c mm. Cu 
3000 ro mm. Pb 5mm. Cu 
4000 20 nfm. Pb 5mm. Cu 
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end and hauled up into the high voltage 
terminal, which acquires a negative poten- 
tial relative to ground in direct proportion 
to the stored electric charge. The generator 
will operate at that equilibrium voltage at 
which the current transferred to the ter- 
minal by the belt is just equal to the current 
through the roentgen tube and the leakage 
and control currents characteristic of oper- 
ation at that voltage. This equilibrium 
voltage value may be adjusted from a few, 
hundred thousand volts to the maximum 
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voltage by controlling the current sprayed 
on the charge-conveyor belt. 


ROENTGEN TUBE 


The continuously pumped roentgen tube 
is located axially within the generator 
column, the insulating portion extending 
from a point within the high voltage ter- 
minal to the ground end of the column. 
Bevond this, a metal extension of the tube 
passes out through the tank bottom and 
terminates in a water-cooled gold target 
surrounded by a suitable thickness of lead 
shielding and provided with beam-defining 
portals and shutter. The roentgen tubt 18 
built up of 100 glass rings between each of 
which is placed a metallic accelerating and 
focusing electrode connected to the gener- 
ator column at that level. The electrons 
originating at the tungsten filament at the 
high voltage terminal end of the tube are 
thus progressively accelerated and focused 
as they pass axially downward until they 
arrive at the target with full terminal 
energy in a well defined focal spot about 
I cm. in diameter. 


"SUBCUTANEOUS E FFECT' 


The distribution in material of unit 
density of the ionization produced by 
roentgen ravs over the voltage range of 
1,000 to 4,000 kv. has been investigated 
with this apparatus. Perhaps the most out- 
standing characteristic at these voltages 1s 
the progressive movement of the region of 
maximum ionization to a depth farther 
below the surface as the voltage is in- 
creased. This phenomenon, which is here- 
inafter termed "subcutaneous effect," is 
hardly apparent at 200 kv. As shown in the 
insert of Figure 2, the ionization intensity 
for 200 kv. radiation remains practicalfy 
constant for the first 5 mm.*below the 
surface. ` 

For 1,000 kv. radiation, the “subcuta- 
neous effect” is already considerable and is 
sufficient to account, in part at least, for 
the decreased skin erythema which has 
been demonstrated in this voltage region.? 
The surface ionization intensity at I,000 
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kv. begins at about 60 per cent of the maxi- 
e'mum value and rises with decreasing ra- 
pidity to the maximum found nearly 2 mm. 
e below the surface. Beyond this depth, the 
intensity falls off slowly in accordance with 
the laws of absorption and the inverse 
square law. 

For increasing voltages, the depth below 
the surface at which the ionization in- 
tensity has increased to 95 per cent of its 
maximum value 1s o for 200 kv. radiation, 
o.8 mm. for 1,000 kv., 2 mm. for 2,000 kv., 
3 mm. for 3,000 kv., and 4 mm. for 4,000 
kv. At the same time, the surface intensity 
dirtinishes from 98 per cent of the maxi- 
mum value for 200 kv. radiation, to 56 per 
cent for 1,000 kv., 38 per cent for 2,000 kv., 
28 per cent for 3,000 kv., and 26 per cent 
for 4,000 kv. 

This "subcutaneous effect," observed 
only for radiation of considerable energy, 
is due primarily to the increase in the num- 
ber of secondary electrons in the beam as it 
penetrates and traverses the phantom ma- 
terial. The depth at which the number of 
electrons in the beam stops increasing, i.e., 
the depth of maximum ionization, depends 
on the average range of the electrons in the 
phantom material. Since an increased tube 
voltage increases the range of secondarv 
electrons, it will also increase to a cor- 
responding extent the depth at which maxi- 
mum ionization occurs. The range of 
secondary electrons, negligible at 200 kv., 
becomes sufficient at 1,000 kv. to move the 
depth of maximum ionization several milli- 
meters below the surface. This tendencv 
increases with voltage. The influence of 
secbndary roentgen rays, on the other hand, 
Is predominant at 200 kv. and diminishes 
with increasing voltage. Beyond 2,000 kv. 
the effect of secondary roentgen rays on the 
distribution of ionization in the material is 
relatively negligible. 


DEPTH DOSE 


Figure 2 shows the depth dose over a 
range of voltages at a distance of 70 cm. 
with a 1o by 1o cm. field. It is to be noted 
that the filtration is increased from the 
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standard value of o.5 mm. copper for 200 
kv. to the value of 20 mm. lead and 5 mm. 
copper at 4,000 kv. Observing the relative 
intensity at a depth of 10 cm., a steady in- 
crease with voltage from 32 per cent at 200 
kv. to 57 per cent at 4,000 kv. is noted. 
The influence on "subcutaneous effect" and 
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on depth dose has been studied as a func- 
tion of treatment distance, filtragon, and 
field size. These measurements show little 
change in “subcutaneous effect" with in- 
crease of 70 to 109 cm. distance, but the 
depth dose 1s increased almost as would be 
expected from the inverse square law. 
Addition of filtration increases the 10 cm. 
depth dose and accentuates the "subcuta- 
neous effect," the first increments of filtra- 
tion being relatively more effective. At 
3,000 kv., the 10 cm. depth dose with the 
IO by 10 cm. field is 52 per cent at 70 cm. 
and 57 per cent at 100 cm. The half-value 
layer in lead for 3,000 kv. roentgen rays 
filtered with 10 mm. lead and 5 mm. copper 


,is 9.8 mm. Scattering remains small in the 


1,000 to 4,000 kv. range, the scattering at 
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higher voltages being due almost entirely 
to secondary electrons.* 

Figure 3 shows the distribution of ioniza- 
tion in a 20 cm. phantom irradiated from 
two opposite portals with 200, 1,000, and 
3,000 kv. roentgen rays. The intensity 
measurements have been adjusted to 100 
per cent at the center of the phantom (10 
cm. depth) so that the curves show the 


PHANTOM MATERIAL 


HIGH VOLTAGE 
CONNECTION 


ZZ NS SN x y 
"22 A ^ 


rp 


CONNECTION TO ELECTRODE 


CABLE CONNECTOR 


J. G. Trump and R. W. Cloud ° 





APRIL, 1943 
b 


tom of the chamber is made of lucite, an 
insulating plastic of density 1.2, which is*e 
considered as part of the phantom. The 
upper electrode consists of a sheet of, 
stretched 0.02 mm. cellophane witha con- 
ducting coating. By this means, a thin air 
chamber with an active space 24 in. In 
diameter and 1 mm. thick surrounded by a 
guard ring is obtained. The ionization 
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relative intensities both at the skin and at 
the region of maximum ionization for the 
same intensity at the depth. It is seen that 
at 200 kv. approximately 170 per cent of 
the 10 cm. dosage will be delivered to the 
skin and first § mm. At 1,000 kv. the in- 
tensity at the skin is about go per cent of 
the ro cm. value and increases to 135 per 
cent at 2 mm. For 3,000 kv. the intensity 
at the skin begins at so per cent of the 10 
cm. value and increases to 123 per cent at 
a point § mm. below the surface of the skin. 
This illustration shows, for the simple case 
of two opposite portals, that the higher 
vditage roentgen rays will produce a sub- 
stantially lower dose at the skin and in the 
intervening region for a given intensity at 
the depth. 


METHOD OF MEASUREMENT 


[t is evident that precise determinations 
of the distribution of ionization in depth 
must be performed with an ionization 
chamber of negligible thickness. Figure 4 
shows the ionization chamber with which 
this distribution was determined. The bot- 


chamber is submerged in a 30 cm. cube 
phantom composed of masonite hardboard, 
and the effect of moving the chamber below 
the surface is obtained bv placing thin 
lavers of corresponding material over the 
upper surface. A second control chamber is 
placed 20 cm. from the target to compen- 
sate for changes in tube current during 
readings. 

A studv was made of the relative merits 
of a thin-disk ionization chamber and a 
standard Victoreen thimble chamber in the 
measurement of extremely penetrating 
roentgen rays. This indicated that, while 
the Victoreen thimble chamber is not useful 
for determining the distribution of ioniza- 
tion close to the surface, it can under proper 
conditions be used for the determination of 
the maximum ionization or of the intensity 
at any substantial depth. When a Victoreen 
thimble chamber is laid on the surface of 
the phantom, it will read an intermediate 
value unless covered with a sufficient thick- 
ness of air-wall material to bring the 
secondary ionization to an equilibrium con- 
dition. For 3,000 kv., 3 mm. of lucite or 
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similar material is an adequate thickness. by means of an electrostatic generator. Am. J. 
z - TU Tf ? e" v 3 > ) 
dable th ke anhe i i y 761. 
desirable that the subcutaneous dose of 
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maximum intensity be taken as the meas- 
ure of he incident dose.* 
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PRELIMINARY CLINICAL OBSERVATIONS ON THE 
USE OF 3 MILLION VOLT ROENTGEN RAYS* 


By RICHARD DRESSER, M.D. 


BOSTON, MASSACHUSETTS 


I? 1936 a new method for the production 
of supervoltage roentgen ravs was pre- 
sented at the annual meeting of the Ameri- 
can Roentgen Ray Societv.! An electro- 
static generator capable of producing some- 
what over a million volts was described. 
This machine was used for cancer treat- 
ment and research at the Collis P. Hunting- 
ton Memorial Hospital, Boston. The origi- 
nal apparatus was dependent on air insula- 
tion, and a considerable space was required 
for its housing. A second more compact 
million volt unit operating on the electro- 
static principle but insulated by air under 
pressure has been installed at the Massa- 
chusetts General Hospital. A third pres- 
sure insulated unit which has been operated 
at 3 million volts for therapeutic purposes 
Is now in use at the Massachusetts Institute 
of Technology. 

Roentgen rays produced at 3 megavolts 
have essentially the same physical proper- 
ties as the gamma rays of radium. How- 
ever, the high roentgen intensity permits 
long treatment distances with the result 
that the depth dose is much greater than it 
has been possible to obtain with teleradium 
therapy. It is nearly double the 200 kv., 
Io cm. depth dose. In view of this high in- 
tensity and increase in depth dose, it has 
been deemed advisable to proceed with 
caution in the therapeutic application of 
these rays. Only cases of pelvic cancer have 
thus far been irradiated since the factors of 
absorption, scattering, etc., in this part of 
the anatomy are analogous to those meas- 
ured in a phantom. The patients have been 
treated in groups, with allowance of a sufh- 
cient time interval between groups for the 
observation of any untoward symptoms. 
All patients received successive daily ex- 
posures of 400 r each, delivered to the an- 
terior pelvis through either 15 by 15 cm. 
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or 10 by 10 cm. portals of entry. The larger 
portal was employed in most instances. * 

lonization measurements show that the 
intensity measured directly on the surface 
is somewhat less than the intensity meas- 
ured 4.5 to 5 mm. below the surface. 
Roentgen dosage is therefore calculated not 
from the surface measurement, but from 
the subcutaneous point of greatest ioniza- 
tion. The portal of entry is delineated? by 
means of a light beam, and the coning 
mechanism is placed well above the pa- 
tient. The clothes are always removed from 
the surface irradiated. The treatment fac- 
tors emploved are as follows: 3 million volts 
constant potential, 100 cm. distance, 10 
mm. lead plus 5 mm. copper filter. At 0.5 
milliampere the subcutaneous roentgen in- 
tensity averages 9o r per minute with the 
portals emploved. 

The first group of patients received a 
total of 1,200 r, that is, three dailv treat- 
ments of 400 r each. During the follow up 
period of a month there was no visible skin 
reaction, and no symptoms of irritation of 
the bladder or intestine developed. The 
second group received five daily exposures 
totaling 2,000 r. During the observation 
period there was no superficial reaction and 
no intestinal disturbance. The third group 
was given 2,400 r which caused diarrhea in 
all cases but there was no ervthema or 
epilation. The fourth group received 2,800 
r which is the largest dose thus far admihis- 
tered. These patients experienced rather 
severe diarrhea together with some bladder 
irritation. In no instance, however, was 
there any redness of the skin or*falling out 
of the pubic hair. All patients tolerated the 
treatment remarkably well with one excep- 
tion. This was a case of extensive carcinoma 
of the bladder, and it was subsequently ob- 
served that the response to 200 kv. radia- 
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tion was no better than to supervoltage 
e therapy 

These preliminary clinical findings sub- 
stantiate the observation that as the wave 
length ef a roentgen-ray beam is decreased 
the skin tolerance and depth dose are in- 
ereased.^?* Because of reaction in the 
deeper structures a total of 2,800 r to a 
single pelvic portal has not been exceeded. 
This is apparently a suberythema dose. It 
is anticipated that larger amounts of radia- 
tion will be tolerated in other parts of the 
body where the underlying structures are 
less vulnerable than the intestine and 
blaelder. 

No attempt has yet been made to evalu- 
ate the effect of 3 million volt roentgen 
rays on new-growths. The number of pa- 
tients irradiated thus far has been small, 
and the maximum follow up period at the 
time of writing is only five months. The 
largest tumor dose has been somewhat less 
than we are accustomed to deliver with 200 
kv. roentgen rays. However, the super- 
voltage dose has been administered in a 
period of a week, whereas our usual 200 kv. 
pelvic series extends over a period of about 
three weeks. The immediate reaction in the 
deep tissues resulting from supervoltage 
radiation has been fully as severe as that 
observed following treatment at lower po- 
tentials. The acute symptoms of intestinal 
and bladder irritation are of approximately 
the same duration. Thus far there have 
been no untoward late sequelae. 
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DISCUSSION ON PAPERS BY DRS. TRUMP 
AND CLOUD, AND DRESSER 


Dn. K. E. Corrican, Detroit, Mich. I find 
myself overawed by the accomplishment of 
Professors Trump and Cloud in building such a 
relatively small and compact machine to de- 
velop so much power, and to operate in such an 
apparently reliable and routine manner. It 
would be difficult to say too much in praise of 
their engineering ability and technical skill. 

The measurements they have presented on 
the output of this tube are also a real contribu- 
tion, particularly the measurement of the depth 
of maximum effect. 

It would have been interesting to hear some- 
thing about the output intensity of this tube. 
Of course this brings up the old discussion on 
the use of thimble chambers at this voltage, but 
perhaps Dr. Dresser will give us some idea of 
the r per minute per microampere. 

Another point I would like to have Dr. 
Dresser discuss arises from the measurements 
on both sides of the 20 by 20 cm. phantom. In 
actual application the beam passes through the 
patient's body and is at equilibriune with its 
secondaries on the exit side. In addition the exit 
portal gets whatever secondary may arise from 
the material on which the patient is lying. Con- 
sequently the exit dose is really a depth dose, 
and is quite a different thing from a dose “of 
primary radiation applied to the surface from 
outside. 

The authors have made the best possible use 
of their time, and told us as many of the im- 
portant points as possible. We can only wait 
patiently for them to have an opportunity to 
give us some absorption curves and other 1m- 
portant data. 

Professor Trump and his associates are to be 
congratulated for an outstanding advance in 


physics and technology and for a very fine 


paper. 
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Dr. T. Levcutia, Detroit, Mich. These re- 
ports dealing with the physical and clinical as- 
pects of a new apparatus for the treatment of 
cancer represent further most valuable contri- 
butions to our radiologic practice. Ever since 
the advent of supervoltage roentgen therapy, 
Drs. Trump and Dresser have pursued with 
great zeal the production of such rays by the 
old-fashioned electrostatic generator which they 
have streamlined. After repeatedly traversing 
unexplored ranges, they now have reached the 
formidable domain of 4.7 megavolts. The physi- 
cal achievements are impressive. A yield of 
9o r per minute, for example, with a 10 mm. 
lead and a § mm. copper filter at 100 cm. dis- 
tance with only 0.5 ma. current at 3 megavolts, 
or a depth dose of nearly double that obtained 
with 200 kv., are accomplishments that cannot 
remain without influence in our present-day 
roentgen therapeutic conception. 

The clinical observations, as Dr. Dresser 
stated, are as yet in the preliminary stage, but 
even so, it is gratifying to see factual confirma- 
tion up to 3 megavolts of the so often disputed 
theoretical conjecture that with increasing volt- 
ages there is an increased tolerance of the skin. 
On the other hand, a total of 2,800 r, in daily 
fractions of 400 r, administered over a single 
pelvic portal, without even producing an ery- 
thema, but leading to marked diarrhea with 
some bladder irritation, is a new type of dose 
which merits our earnest consideration. Such a 
dose may do away with the present complicated 
methods of cross-firing of the deep roentgen 
therapy, a fact which is responsible for the ever 
accumulating series of permanent injuries to 
the normal structures. It is therefore to be 
hoped that the authors will continue their in- 
vestigations in the future with equal zeal and 
that soon they will be able to make additional 
reports on this most interésting subject. 


e 

Dr. Donatp W. Kerst, Urbana, Ill. Are 
there many secondary electrons produced by 
the cone of the roentgen-ray equipment? In 
order to obtain the rise in ionization under the 
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skin is it necessary to remove these secondary 
electrons which would bombard the skin?  * 


Dr. Dresser (closing). First, I should like 


to thank Dr. Leucutia for his encouraging dis- * 


cussion of the joint paper, and then I shall try 
to answer the questions that Dr. Corrigan has 
put. i 

The first one I think has already been 
answered in regard to the output of the tube. 
At 0.5 ma. at a distance of 100 cm., with Io 
mm. of lead and 5 mm. of copper ground filter, 
the output runs 80 to 9o roentgens per minute. 

Now as to the exit dose, unfortunately I can- 
not give any accurate data. This has not been 
studied in any particular detail. From hę 
charts that Professor Trump and his co-workers 
have compiled, the exit dose from a field 10 by 
10 cm. should be approximately 25 per cent of 
the maximum subcutaneous dose, but further 
than that I cannot go. ' 

Then there was a question as to the use of the 
Victoreen chamber. Apparently the chamber 
gives relatively accurate air and surface meas- 
urements if it is surrounded with a small lucite 
thimble. Professor Trump and his collaborators 
have made such a thimble, which is about 3 
mm. thick for 3 megavolt rays, and simply slips 
ón over the standard chamber. Then the meas- 
urement of air and surface intensities becomes 
analogous to that made on low voltage radia- 
tion with the standard thin wall chamber. In 
measuring doses below the surface of a phantom 
it 1s not necessary to alter the Victoreen cham- 
ber in any way. The measurements are perfectly 
accurate. 

In regard to the removal of secondary elec- 
trons, let me stress the point that the coning of 
the beam is done well above the patient, 50 cm., 
and also care is taken to remove the clothes so 
that the maximum intensity is delivered as far 
below the surface as possible. If material of lpw 
density 1s placed on the patient's skin and built 
up to a thickness of say 5 mm. then the point 
of maximum ionization occurs directly on the ' 


skin. 
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MEGAVOLTAGE ROENTGEN THERAPY 


T IS customary to designate as super- 

voltage roentgen therapy that form of 
irradiation which is carried out with roent- 
gen rays produced by voltages above 250 
kv. When the term was originally intro- 
duced, the aim was to create a segregation 
from deep roentgen therapy, and for ob- 
vious reasons no attempt was made to limit 
the upper range to which such therapy may 
be extended. Recently, important contribu- 
tions by Trump and Cloud,! by Dresser? 
and by Koch, Kerst and Morrison? with 
roentgen rays up to 20 million volts have 
brought to light certain new features of the 
physical dose and biological effect which 
suggest that perhaps the time has now 
arrived to try to establish where the upper 
line of demarcation mav be drawn and 
whether or not further segregation may 
appear advisable from the practical stand- 
point. 

The studies of Trump and Cloud! and of 
Dresser? were carried out with roentgen 
rays produced by voltages from 1 million 
to 4 million volts constant potential. The 
most oufstanding observation made by 
these authors was the fact that the ioniza- 
tion in the layers underneath the skin was 
larger than on the surface of the skin and 
thet the region of maximum ionization 
moved progressively below the surface as 
the voltage was increased. This effect, 
which the authors called the “subcutaneous 
effect" led to the unusual clinical experi- 


! Trump, J. G., and Cloud, R. W. The production and charac- 
teristics of 3,000 kilovolt roentgen rays. Am. J. ROENTGENOL. & 
Rap. Tuerapy, April, 1943, 49, 531—535. 

* Dresser, R. Preliminary clinical observations on the use of 3 
million volt roentgen rays. AM. J. RoevTGENOL. & Rap. THER- 
APY, April, 1943, 49, 536-538. 

ê Koch, H. W., Kerst, D. W., and Morrison, P. Experimental 
depth dose for 5, 10, 1 5 and 20-million-volt x-rays. Radiology, 
Februarv, 1943, 40, 120-127. 


ence that in patients afflicted with cancer 
of the cervix such large depth doses could 
be administered through one single an- 
terior pelvic field that rather severe diar- 
rhea and some bladder irritation resulted 
without there being any redness of the skin, 
or even epilation of the pubic hair. Ob- 
viously a new type of dosage was en- 
countered. 

The investigations of Koch, Kerst and 
Morrison? were extended to the range of 
20 million volts. To Kerst? falls the merit 
of having made possible the generation of 
roentgen rays at such extremely high volt- 
ages. He, with the ingenuity of a true 
scientist, solved the not altogether new 
idea of circular acceleration of the electron 
and after assiduous work he succeeded in 
building a new type of roentgen apparatus 
which he called the betatron. This ap- 
paratus somewhat resembles a small cy- 
clotron but its operation is entirely differ- 
ent. The electrons, injected from an elec- 
tron gun into a circular path within a 
doughnut-shaped high vacuum roentgen 
tube, are accelerated by an induction 
scheme which permits the continuous and 
direct application of the electromotive force 
to their stream. In consequence, it is pos- 
sible to reach, with very small equipment, 
energies in electron volts corresponding to 
the voltages generated in the secondary 
windings of huge transformers. The 2o 
million betatron has 1 inch of pole diameter 


! kerst, D. W. Acceleration of electrons by magnetic induction. 
Phys. Rev., 1940, 58, 841. . 

kerst, D. W. Acceleration of electrons by magnetic induction. 
Phys. Rev., 1941, 60, 47-53. 
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tion accelerator. Rez. Scient. Instruments, 1942, 73, 387-394. 
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per 1 million volts but there 1s now under 
e’ construction a 100 million volt betatron 
which will necessitate only 3 inch of pole 
. diameter per 1 million vols: thus further 
” reducing material and space. 

The experimental results obtained by 
eKoch, Kerst and Morrison? entirely con- 
firmed the observations made by Trump 
and Cloud, and Dresser, and they have 
demonstrated that at ranges up to 20 
million volts the ionization below the sur- 
face may amount to several times the inci- 
dent dose and that the region of the maxi- 
mum ionization may lie several centimeters 
ebetow the surface. If, for example, at a 
target distance of 45.cm. the surface dose 
was taken as 100 per cent, the maximum 
ionization amounted to 125 per cent for 
5,000 kv., 185 per cent for 10,000 kv., 245 
per cent for 15,000 kv. and 310 per cent for 
20,000 kv., and the regions of maximum 
ionization were approximately I, 2, 2.5 and 
3 cm. below the surface for the respective 
voltage ranges. The depth dose at the 
conventional 10 cm. below the surface 
amounted to over 70 per cent for 5,000 kv., 
I20 per cent for 10,000 kv., 170 per cent 
for 15,000 kv. and nearly 230 per cent for 
20,000 kv. Although these authors did not 
extend their observations to clinical pa- 
tients, results along the lines noted by 
Dresser? undoubtedly would be obtained. 

The explanation of these new phenomena 
at very high voltages is most interesting. 
Faila, Twombly and Marinelli® first de- 
scribed what they called the electron equi- 
librium level of a roentgen beam. They 
have shown that when a roentgen- (or 
gamma) ray beam strikes the skin of a 
patient—or the surface of any phantom 
used for depth dose measurements—it con- 
*ains a mixture of secondary electrons from 
filters, cones, etc., as well as from stray 
collisions with objects near the beam. 
Furthermore, there is an addition of elec- 
trons from the very superficial layers of the 
absorbing medium (skin or material of the 


5 Failla, G., Twombly, G., and Marinelli, L. D. A method for 
decreasing the ionization in the skin applicable to supervoltage 
x-ray therapy. Radiology, 1930, 28, 693-705. 
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phantom). As a result, an increasingly 
larger proportion of ionization is found 
immediately underneath the surface until 
at a certain level an equilibrium of the 
electrons consistent with the quality of the 
beam and the physical characteristics of the 
medium is reached. Exhaustive measure- 
ments demonstrated that this electron 
equilibrium level lies within fractions of a 
milimeter from the surface at 200 kv. 
(peak) radiation and at a depth of about 
I.5 mm. at 1,000 kv. (pulsating) radiation. 
The biological importánce of such an effect 
on the variation of the surface dose, es- 
pecially as far as the skin erythema is con- 
cerned, was stressed in a former editorial 
in this Journat$ 

The extension of the electron equilibrium 
theory to the radiations produced by the 
very elevated voltage ranges investigated 
by Trump and Cloud, and Dresser, and by 
Koch, Kerst and Morrison encounters no 
dificulty. The main difference is that here 
the ionization is entirely due to Compton 
electrons the range of which plays a para- 
mount róle. At the voltages studied by 
Failla, Twombly and Marinelli* the ioniza- 
tion from the Compton electrons appeared 
very near the point where the Compton 
process occurred, exercising no particular 
effect on the shape of the depth dose curves. 
Above 1,000 kv., however, the range of the 
Compton electrons increases progressively 
and so rapidly that it leads to increase of 
the depth dose, on the one hand, and move- 
ment of the region of the maximum ioniza- 
tion, on the othgr. According to Koch, 
Kerst and Morrison? the electrons produced. 
in the Compton process of a roentgen-fay 
beam from a 20 million betatron may have 
a range as great as IO cm. in tissue. Since 
one may assume that constant ionization is 
produced along the entire tract of such an 
electron until the end of its range, it be- 
comes clear that the increase with depth 
in the number of such electrons must result 
in gradual increase of the ionization above 


6 Leucutia, T. The necessity of a coordinated biological dose 
system in radiation therapy. (Editorial.) Am. J. ROENTGENOL. & 
Rap. THERAPY, 1941, 76, 883-887. 
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that encountered near the surface, leading 
to a proportionately larger depth dose. The 
maximum of the ionization is reached at a 
certain critical level underneath the surface 
characteristic of the quality of the roent- 
gen-ray beam applied. The gradual absorp- 
tion of the electrons is followed by a cor- 
responding fall of the ionization and with 
it of the depth dose. 

Evidently, when clinical radiation ther- 
apy 1s administered under such conditions 
the situation encountered is entirely differ- 
ent from that to which we are accustomed 
in the ranges below 1,000 kv. Perhaps some 
advantage may be derived, therefore, by 
restricting the field of supervoltage roent- 
gen therapy to the limits of from 250 to 
1,000 kv. and by creating an entirely new 
domain for the voltages above 1,000 kv., 
which then is called megavoltage roentgen 
therapy. The particular range could be 
designated by placing the corresponding 
number of megavolts in a prefix, as, for 
example, 5, 10, 15 or 20 megavolt therapy. 

Exhaustive clinical studies will be re- 
quired to properly evaluate the therapeutic 
significance of this extremely penetrating 
type of radiation and especially its róle in 
the simplification of the present day diffi- 
cult methods of technical application. 
A great deal could be gained, however, by 
first trying to establish some correlation be- 
tween the experimental physical dose as 
determined by the above investigators and 
the biological dose as administered to pa- 
tients. If possible, such correlation may be 


incorporated into a yniform system of 


dosimetry including all voltage ranges em- 
pPyed in clinical practice. 

It has been suggested formerly in this 
JourNaL®? that the biological unit, “skin 
unit dose," designated with the abbrevia- 
tion S.U.D., used in conjunction with the r, 
would have many advantages in specifving 
a certain dose. This unit has been defined 
as a surface dose unit and it has been given 
a physical value, measurable in r, the mag- 


' Leucutia, T. Physical and biological dosage in radiation 
therapy. (Editorial) Aw. J. RoENTGENOL. & Rap. THERAPY, 
1937, 38, 367-369. 
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nitude of which changes with various volt- 
ages. In the ranges used so far it always'* 
represented a higher value than the depth 
dose at any point, except the infinitesimal , 
layers near the surface which areehardly 
significant from the point of view of clinical 
application. It has become convenient te 
express a certain tumor dose in so many 
per cent of the skin unit dose and since the 
damage of the skin forms the greatest 
barrier to any biological overdosage, a 
measure of safety could easily be estab- 
lished. 

In the megavoltage roentgen therapy, 
the surface dose represents a smaller value 
than the depth dose. As has already been 
stated, the ionization progressively rises to 
a peak which with increasing voltages lies 
at gradually deeper layers, becomes broader 
and acquires a proportionately greater 
value. Furthermore, the surface dose itself 
can be critically affected by electrons es- 
caping from the original beam of the ac- 
celeration chamber of the betatron or by 
Compton electrons scattered from neigh- 
boring objects. Therefore, if the s.u.p. is 
introduced as a biological unit, this may be 
employed in two ways. First, as an exten- 
sion from the lower voltage ranges in the 
form of a surface dose unit. In this case, its 
physical magnitude is determined experi- 
mentally along the entire megavoltage 
scale and the depth dose curves are plotted 
in percentages of the surface dose. If, for 
example, a dose of 130 per cent s.v.p. (the 
maximum compatible with safety) is de- 
sired at a certain depth, this will represent 
a percentage of the s.u.p. as measured on 
the skin. By using such a procedure, eten 
should strav electrons affect the surface 
dose, the danger of harm is less than if a 
too large depth dose were administered att 
a certain level. Of course the region as well 
as the broadness of the maximum. ioniza- 
tion must also be stated. The second al- 
ternative is to calculate the dose not from 
the surface measurement but from the 
region of greatest ionization, in which case 
the s.v.p. would in fact represent a tissue 
(depth) dose unit. This method, in its 
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physical equivalent, 1.e., by actually meas- 
‘uring the r, is preferred by Trump and 
Cloud,! and Dresser, as well as by Koch, 
e Kerst and Morrison.* The peak ionization 
is takem as 100 per cent and the doses at the 
surface as well as at various depths are 
*plotted in fractions of the peak ionization. 
The region of the peak ionization is stated 


C2 


separatelv for each location. 

It is as yet too early to visualize what form 
megavoltage roentgen therapy will take in 
clinical application. The future, however, 
appears rich in promise and the road lead- 
ing to it is no longer strewn with insur- 
mountable obstacles. 

T. LeucutTia 
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j JOSEPH FRANCIS ELWARD i 
1890-1943 


O MY mind, the saddest words an 
obituary can contain are “after a long 
illness.” Dr. Joseph F. Elward died on Feb- 
ruary 6, 1943, in Plains, Pennsylvania, 
after a very long illness. 
Dr. Elward was born in Plains, Pennsyl- 
vania, on July 4, 1890. He obtained his 
early education in Plains and from there he 


went to the Philadelphia College of Phar- 
macy from which he was graduated in 1913. 
Following his graduation he returned to 
Plains and opened his own drug store. Af- 
ter two years, however, he decided to study 
medicine and he entered Georgetown Medi- 
cal School in Washington, D. C., where he 
attended classes in the daytime and worked 
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evenings as a registered drug clerk. He was 
efraduated from Georgetown in 1919, presi- 
dent of his senior class, and received an ap- 
„pointment as intern in Providence Hospital 
in Washington. After serving his internship 
he opened an office in Washington, engag- 
lag in general practice. However, an otitis 
media dating from childhood made him be- 
lieve that he had progressive deafness to 
look forward to, and it seemed wiser to take 
up a specialty where he would depend less 
on his hearing and more on his eyesight. 
He therefore decided to specialize in roent- 
genology and he served as intern under Dr. 
P. FK. Butler at the Boston City Hospital, 
Boston, in the Department of Roentgen- 
ology from April 1, 1924 to May 1, 1925 
and as assistant physician in the Depart- 
ment from May 1, 1925, until August 31, 
1925. 

Dr. Elward then returned to Washing- 
ton, D.C., where he became associated with 
Dr. Charles A. Pfender. Dr. Pfender died in 
1926 and Dr. Elward opened his own office 
for the practice of radiologv. In addition to 
his private practice, in which he was verv 
successful from the beginning, he was Clini- 
cal Professor of Roentgenologv in George- 
town Medical School and Instructor in 
Radiology in George Washington Medical 
School and was radiologist to George Wash- 
ington and Sibley Hospitals. Notwithstand- 
ing this full schedule he found time to de- 
vote to research and to the writing of many 
scientific papers on a variety of subjects. 

In 1935 Dr. Elward suffered from a cor- 
onary attack and within a year he sustained 
a second one. With periods of enforced rest 
he still carried on his practice which always 
grew larger and he still continued to write 
many valuable scientific papers. However, 
late in 1940 he had a cerebral accident 
which produced at first a slight aphasia and 
he was never able to work again. He re- 
tired tô the home of his three sisters in 
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Plains where he remained until the time of 
his death. To me, his devoted friend for a 
quarter of a centurv, it was tragic to wit- 
ness his gradual transition from a power 
among men to an invalid progressively 
feebler in body but indomitable in spirit to 
the last. 

Dr. Elward is survived by his wife, the 


former Mary Tourville of Plains, two 
daughters and one son, three sisters, two 


brothers, and his devoted stepmother. 

Dr. Elward was a member of the Ameri- 
can Roentgen Rav Society, the Radiologi- 
cal Society of North America, the American 
College of Radiology and the American Ra- 
dium Society, as well as numerous local 
societies. 

A letter from Dr. P. F. Butler after Dr. 
Elward's death pays tribute to him and 
sums up his outstanding characteristics and 
qualities. It is quoted in part as follows: “I 
was very close to Joe and he was one of the 
men in whom I took a great deal of pride. 
Because of his outstanding success I was 
continually holding him up as an example 
to the younger interns in my department. 
He was an unusually dependable type of 
man, even as an intern. He accepted any 
detail assigned to him—even a disagreeable 
one— like a good soldier and saw it through 
to its finish. Perhaps outstanding of his 
traits was his courteous and respectful atti- 
tude toward his seniors, a trait seen all too 
little nowadays. With such a background 1 it 
was inevitable that he should make a suc- 
cess of his private practice. He also held to 
the sound idea that, we are physicians first 
and specialists next. This gave him the op- 
portunity to make use of his wide knowledge 
of collateral medicine, thus greatly enhanc- 
ing his value as a specialist. He showed his 
versatility in his writings and lectures, 
most of them original contributions. In his 
death our specialty loses another of its out- 
standing members." 

RAMSAY SPILLMAN 
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AND NEWS ITEMS 
Items for this section solicited promptly after the events to which they refer. . 








MEETINGS OF ROENTGEN SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN ROENTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
lowa City, lowa. Annual Meeting: 1943, cancelled. 

AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
Ill. Annual meeting: 1943, to be announced. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: 1943, cancelled. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every hee months and also at time 
and place of State Medical Association. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Drake Hotel, Chicago, Ill., 
Nov. 2 29-Dec. 3, 1943. 

RADIOLOGICAL SECTION, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. J.D. Coate, 434 Thirtieth St., Oakland, Calif. 

Rapro.ocicaL SECTION, Connecticut MEDICAL SOCIETY 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

SECTION ON RAapioLoGy, ILLINOIS SrarE MEDICAL SOCIETY 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RADIOLOGICAL SECTION, Los ANGELES Country MEDICAL 
ASSOCIATION 
Secretary, Dr. Donald R. Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

RADIOLOGICAL SECTION, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BrooKLyN ROENTGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday , October to April. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

CHICAGO ROENTGEN SOCIETY 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 

® Chicago, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

CINCINNATI RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. J. O. Newton, 13921 Terrace Rd., East 
Cleveland. Meets at 6:30 p.m. at Midday Club on fourth 
Monday each month, October to April, inclusive. 

DENVER RADIOLOGICAL CLUB 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Derroir ROENTGEN Ray AND RADIUM SOCIETY 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Building. 


FLORIDA RADIOLOGICAL SOCIETY 
Acting Secretary, Dr. Walter A. Weed, 204 Radhange 
Bldg., Orlando, Fla. Meetings in May and November. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

RADIOLOGICAL SociETY OF Kansas Ciry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, 'Mo. Meets third Thursday of each month at a 
place designated by the president. 

lLLINOIs RADIOLOGICAL SOCIETY 
Secretary, Dr. Wm. DeHollander, St. John's Hespitel, 
Springfield, Ill. Meets three times a year. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in May 
annually. 

KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in 
April. 

Long IsLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 

LouIs1ANA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

MICHIGAN AssoOcIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 

MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 

New ENGLAND ROENTGEN Ray SOCIETY 


Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 


Mass. Meets monthly on third Friday, Boston Medical 
Library. 
RADIOLOGICAL SOCIETY OF NEW JERSEY ° 


Secretary, Dr. H. J. Perlberg, 921 Bergen Ave., Jersey City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 

New Yonk ROENTGEN SOCIETY E 
Secretary, Dr. M. M. Pomeranz, 1020 Park Ave., New 
York City. Meets monthly on third Morday, New York 
Academy of Medicine, at 8:00 P.M. 

NoRTH CAROLINA ROENTGEN Ray SOCIETY , 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 

NortuH Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

CENTRAL NEW YorK ROENTGEN Ray SOCIETY 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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Onro RADIOLOGICAL SOCIETY 
o Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 
-Paciric RoENTGEN SOCIETY 
e Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 
PENNSYLVANIA RADIOLOGICAL SOCIETY 
eSecretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Annual meeting, Brunswick Hotel, Lancaster, Pa., May 
15—16, 1943. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.M., October 
to June, Pittsburgh Academy of Medicine. i 

RocHtsTeEr Roentcen Ray Sociery, RocHeEsreRr, N. Y. 
Secretary, Dr.“Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Sr. Lours SocirETY or RADIOLOGISTS 
Secretary, Dr. P. C. Schnoebelen, 462 N. Taylor Ave. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

SAN Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

SOUTH CAROLINA X-Ray SOCIETY 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

UNIVERSITY oF MICHIGAN DEPARTMENT OF ROENTGEN- 
oLoGy STAFF MEETING 
Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

UNIVERSITY OF WISCONSIN RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

VaRGINIA RADIOLOGICAL SocrETY . 

Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Wa. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SociETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, Seattle. 

X-ray Srupv CLuB or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
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Hospital. Meets monthly in evening on third Thurs- 
day. 
CuBa 
SocIEDAD DE RADIOLOGÍA v FISIOTERAPIA DE CUBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


Britiso EMPIRE 


BRITISH INSTITUTE or RADIOLOGY ÍNCORPORATED WITH 
THE RÖNTGEN SOCIETY 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 p.M., 32 Welbeck St., London. 

Secrion or RADIOLOGY OF THE ROYAL SOCIETY or MEDI- 
CINE (CONFINED TO MEDICAL MEMBERS) 
Meets on the third Friday of eách month during the 
winter at 8:15 P.M. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 

Facutty or RADIOLOGISTS 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 

Secrion or RADIOLOGY AND MEDICAL ELECTRICITY, Aus- 
TRALASIAN MEDICAL CONGRESS à 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL ASSOCIATION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to Novembér inclusive. 

CANADIAN ÁSSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 

Section or RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

RADIOLOGICAL Section, NEw ZEALAND BRITISH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


CONTINENTAL EUROPE 


SOCIEDAD ESPANOLA DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociÉTÉ SurssE DE RADIOLOGIE (SCHWEIZERISCHE RÖNT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SOCIETATEA ROMANA DE RADIOLOGIE s1 ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Márácine, 30, 
S. L, Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

ArL-RussiaN Roentcen Ray ASSOCIATION, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. ° 

LeninGraD RoENTGEN Ray SOCIETY 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow Roentcen Ray SOCIETY 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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WAR CONFERENCE 

The medical, surgical and industrial hy- 
giene experts who are so ably safeguarding 
the well-being of more than 20 million in- 
dustrial workers have agreed to pool their 
knowledge and exchange their experiences 
regarding the many new and complex prob- 
lems of today’s wartime production. For 
this purpose their organizations— 

The American Association of Industrial 
Physicians and Surgeons, 

The American Industrial Hygiene Asso- 
ciation, and 

The National Conference of Govern- 
mental Hygienists—are combining. their 
annual meetings in a four-day "War Con- 
ference" at Rochester, New York, Mav 24- 
27, 1943. Among the problems to be dis- 
cussed from a practical standpoint are: 


The mass entry of women into industry; 

Older-age employees, with their various asso- 
ciated problems; proper placement and em- 
plovability considerations of the 4-F rejectees; 

Rehabilitation and proper employment of 
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those already discharged from the military 
services because of disabling conditions; o 

Toxic and other hazards from new sub- 
stances, new processes, and the use of substitute 
materials; " i 

Absenteeism; fatigue; nutrition; 

Effects of long hours; double shifts; two-job 
workers; overtime; increased industrial accident 
rates; 

Advances in the treatment of illnesses and 
injuries, and many others. 

This joint meeting will be a report on the 
state of the nation, by the men who know, 
in matters of industrial health. Dr. William 
A. Sawyer, Medical Director of Eastman 
Kodak, is General Chairman; Dr. Jamès 
H. Sterner and Lieut. Comm. J. J. Bloom- 
field are arranging the programs for the in- 
dustrial hvgienists. 

Physicians and surgeons, hygienists, en- 
gineers, nurses, executives—all who are 1n- 
terested in the problems of industrial 
health and their solution—are invited to 
attend as many of the sessions as they can 
arrange for; no registration fee is required 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
fer ihe courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 
o 





THe Docrors Mayo. By H. B. Clapesattle. 
Cloth. Price, $3.75. Pp. 822, with numerous 
illustrations. Minneapolis: University of 
Minnesota Press, 1941. 


This large volume is packed with history, re- 
collections and romance. It is a human docu- 
ment. It is a history of the progress and advance 
of medicine and surgery for the past fifty years. 
The rtader can open the volume anywhere and 
find fascinating and absorbing pages that iden- 
tify some element in the development of the 
most successful and the most original system of 
integrated medical practice in the whole world. 
It may be that private enterprise as exemplified 
in the Mayo Clinic can never be duplicated or 
extended to this or other countries. Imitations 
have been ventured and maintained periods of 
success that were usually measured by the ac- 
tive life span of the leader. The story of the 
Doctors Mayo shows an undefinable breadth of 
fundamental sincerity, an undeniable urge to 
develop along sound, conservative lines, an un- 
limited ambition to add only able minds, a 
magnificent courage and confidence in the 
triumph of righteous effort; in fact, it is im- 
possible to catalogue the many virtues that 
have contributed to the flowering of institutions 
and the influences of the Doctors Mayo. 

This is probably the greatest success story in 
the annals of medicine. To the reviewer who 
made his first pilgrimage to Rochester thirty- 
five years ago, and met the older Mayo, this 
record of the Mayo saga becomes a vital docu- 
ment. However, it is inconceivable that any 
reader could be disappointed in the slowly ex- 
panding drama of American surgery as it is 
personalized by word and photograph from 
page to page. 

There have been innumerable reviews of this 
interesting book and every one seems to be 
tinctured.with personal recollections of the re- 
viewer. There seems to be no reason why this 
one should not continue the idea, for every ra- 
diologist feels more or less of a proprietary inter- 
est in the successful career of radiology at the 
Mayo Clinic. One remembers the erratic Selby, 
although this book mentions Dr. J. Grosvenor 


Cross as the Rochester pioneer roentgenologist 
who later moved to Minneapolis. The renowned 
Carman came in 1912 after a brief interlude of 
the enthusiastic Vernon J. Willey. Carman 
brought Albert Miller with him from St. Louis 
as a sort of Boswell or alter ego. This team was 
given unlimited scope and they proceeded to 
gather statistics and establish diagnostic values, 
especially in gastrointestinal roentgenology. 
Aside from their contributions to roentgen di- 
agnosis the several radiologists at Rochester 
have been extremely popular with their col- 
leagues throughout the world. The personalities 
of Carman, Moore, Sutherland, Miller, Camp 
and Kirklin would probably have carried them 
far even without the glamour of the. Rochester 
setting. They did take advantage of their un- 
usual opportunities and have shared the harvest 
of roentgen lore generously. - 

Therapeutic radiology has been obliged to 
fight for every inch of acceptance at Rochester. 
The atmosphere has been surgical in spite of the 
breadth of vision and the practical approach to 
a complete medical and surgical service, 
adorned by research and plumed with graduate 
instruction. The department of Radium Ther- 
apy has been carried on, among others, by Leda 
J. Stacy, the modest and industrious Bowing and 
the statistical Fricke. These three have been 
concerned with pelvic conditions while New and 
Figi were more interested in radium therapy of 
the head and neck. Roentgen therapy seems to 
pursue a conservative course through the 
scholarly, inquisitive Desjardins, ably sec- 
onded by Leddy, Popp and Fear. ° 

Dr. Will Mayo was always most cordial to 
radiologists and radiological organizations when 
they visited Rochester. Dr. Charles Mayo in- 
dulged in conducting roentgen examinations 
when Dr. Cross went to Minneapolis, and bore 
some scars of exposure upon his fingers. As tes- 
timony of the appreciation that Dr. Will Mayo 
had for roentgenology one recalls his welcoming 
remarks when the American Roentgen Ray 
Society spent a day at Rochester. To emphasize 
the tremendous values of visual adjuncts to 
medicine, he told of his visit to “the Victoria 
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Hospital in New Castle-on-Tyne where the 
surgeon, Rutherford Morrison, had printed 
upon the wall of his operating amphitheater 
facing the students the following five words 
‘Sight’ in large letters; ‘Touch’ in smaller letters; 
‘Hearing’ in still smaller letters; ‘Smell’ in fine 
print and, last, ‘Taste’ in print so small as to 
be hardly distinguishable across the room, this 
indicating Rutherford's estimation of the five 
special senses in relation to surgery." Dr. Will 
Mayo turned this recollection into a neat tribute 
to the visualized. possibilities of the roentgen 
examination. 

It is easy to recollect discussions among both 
admiring and critical visitors who wondered 
about the possible perpetuation of what started 
out to be only a surgical mecca. This volume 
gives some credit to Frank Billings for his ad- 
vice to Dr. Will to expand the Clinic’s base and 
cover the whole water front of medicine, sur- 
gery and the specialties. Not only has this been 
done but all avenues of graduate instruction, 
university alliance, research and allied sciences 
have been dovetailed into a panoramic institu- 
tion that dominates the landscape of southern 
Minnesota. The integral human units that are 
now part and parcel of the whole have become 
important cogs in the organizations of medicine 
and in the medical literature of the whole world. 

There will always be a Washington Monu- 
ment as long as our American Democracy sur- 
vives and there will always be a Mayo Clinic 
at Rochester as long as the ideals and the vi- 
sions of the Doctors Mayo prevail in the coun- 
cils of the staff organization. Things that are 
conceived within the minds of men and built 
by the hands of men can never be as permanent 
as the wonders of the earth. But there has never 
been another isolated spot on the face of the 
earth that has attracted more patients and 
more physicians and influenced both so success- 
fully as the prairie village of Rochester with its 
native sons, The Doctors Mayo. 


E. H. SKINNER 


RoENTGEN TECHNIQUE. By Clyde McNeill, 
M.D., Louisville. Second edition. Cloth. 
Price, $5.00. Pp. 329, with 276 illustrations. 
Springfield, Illinois: Charles C Thomas, 1941. 


This practical volume deals with roentgen- 
ray anatomy and positioning for roentgen- 
ography. 

As in the first edition, we are impressed by 
the excellent manner in which the various 
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standard positions have been described by pho- 
tographs and line drawings, as well as an accont4 
panying discussion of the projection on the 
opposite page. To this new second, somewhat 
enlarged edition, the author has added materiaP 
on some of the newer procedures, making the 
volume more complete and comprehensive. The 
addition of certain references to the literatute 
in some of the special procedures is to be par- 
ticularly commended. 

We recommend this book as one of the best 
constructed, handy manuals for ready reference 
that is available at the present time. 

PauL C. SWENSON 


NUTRITION AND CHEMICAL GROWTH IN CaL- 
HOOD. Volume I. Evaluation. By Icie G. 
Macy, Ph.D., Director, Research Laboratory, 
Children’s Fund of Michigan, Consultant for 
Nutrition to the Pediatric Staff of the Chil- 
dren’s Hospital of Michigan; Member of the 
Food and Nutrition Board of the National 
Research Council, etc. With a Foreword by 
Hugo A. Freund, M.D., President Board of 
Trustees, Children’s Fund of Michigan. Cloth. 
Price, $5.00. Pp. 432, with 66 illustrations. 
Springfield, Illinois: Charles C Thomas, 1942. 


This is the first of two volumes written by 
Icie G. Macy, Director of the Research Labora- 
tory, Children’s Fund of Michigan, which pre- 
sents a summary of an intensive clinical and 
biochemical investigation of normal children. 
Volume I, the subject of this review, has the 
title "Evaluation"; the second volume with the 
title “Interpretation” will appear in 1943 and 
will give the results of a continuation of the 
previous study. The first volume deals particu- 
larly with a discussion of clinical examination 
and developmental records, with biochemical 
methods, with dietetic and metabolic balance 
studies and with the average retentions of 
eighteen food constituents by normal chifdren 
during many five day balance periods. 

The most important aspect of the publication 
is a summary of balance studies of eighteen dif- 
ferent chemical substances in nognal children 
in conjunction with other observations which 
may be classified as pediatric, anatomic, psy- 
chometric, physiologic, anthropometric, roent- 
genologic and chemical. It is stressed that when 
the rapid polarographic and spectrographic 
methods for the determination of substances in 
biologic material are employed, the results can 
be made available within a few days after the 
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termination of the series of observations. These 
grewer methods, according to the author, should 
be of great practical value in clinical medicine 
and pediatrics. 

* No attempt can be made by the reviewer to 
evaluate the results which appear to be derived 
from a most careful], thorough and painstaking 
eXtended study of normal children, in which all 
modern methods of study are applied. Conclu- 
sions concerning the following are presented: 
the feeding of recommended allowances, the 
variability of food stuffs, the basal metabolism, 
and energy utilization, chemistry of the formed 
elements of the blood, evaluation of skeletal 
maturation, roentgenographic gastrointestinal 
studigs, and the accurate sampling of food, 
urine and feces. 

In addition to a study of the total energy ex- 
change, the results of a metabolic balance 
studies on the following substances are given: 
nitrogen, calcium, magnesium, sodium, potas- 
sium, sulfur, chlorine, phosphorus, copper, 
zinc, iron, nickel, carbon, fat and complex car- 
bohydrates. 

The material presented represents a huge 
undertaking which has had the extensive co- 
operation of a large number of individuals. The 
Trustees of the Children's Fund of Michigan, 
Dr. Macy, and her associates should be con- 
gratulated on the completion of such an impor- 
. tant and comprehensive project. The book is an 
excellent summary of the most important 
phases of nutrition and growth in childhood and 
should serve as an excellent and reliable refer- 
ence text. It should also be of great value to 
those engaged in nutritional investigations re- 
lating to childhood and to all physicians en- 
gaged in the care of children. 

Cyrus C. STURGIS 


DISEASES OF THE Nairs. By V. Pardo-Castello, 
M.D., Assistant Professor of Dermatology 
and Syphilology, University of Havana, 
Member of the American Dermatological 
Association, etc. With a Foreword by Howard 
Fox, M.D., Professor of Dermatology and 
Syphilology, New York University, Univer- 
sity and Bellevue Hospital Medical College. 
Second edition. Cloth. Price, $3.50. Pp. 193, 
with 98 illustrations. Springfield, Illinois: 
Charles C Thomas, 1941. 


This book presents the subject of diseases of 
the nails in a concise and comprehensive man- 
ner. In addition to the text there are 98 excel- 
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lent illustrations that give the reader a pictorial 
representation of many conditions affecting the 
nails. For the radiologist and general practi- 
tioner who often receive complaints from pa- 
tients concerning nail affections, this book offers 
an opportunity for an intelligent approach to 
diagnosis and therapy. This book should be in 
every doctor's library, and in many instances it 
will be referred to daily. 

The author has collected the material for the 
book not only from his large practice, but from 
many others interested in this important sub- 
ject. The publisher, as usual, has prepared a 
book in which the type, the paper, the illustra- 
tions and the binding are excellent in all details. 

Eucene P. PENDERGRASS 


SuncicAL Puysio.tocy. By Joseph Nash, M.D., 
Assistant Professor of Clinical Surgery, New. 
York University College of Medicine; Asso- 
ciate Visiting Surgeon, Bellevue Hospital, 
New York City; First Lieutenant, Medical 
Corps, U. S. Army; Assistant Chief of the 
Surgical Service, Lovell General Hospital, 
Fort Devens, Massachusetts. Cloth. Price, 
$6.00. Pp. 496, with 16 illustrations. Spring- 
field, Illinois: Charles C Thomas, 1942. 


This book is essentially a condensed text of 
practical mammalian physiology. It is less de- 
tailed and contains fewer illustrations than the 
earlier physiology texts that were written with 
the view of correlating basic physiology with 
clinical medicine. It has as its basis a series of 
lectures given by the author since 1930 at the 
New York University College of Medicine as a 
part of the Graduate Course in Surgery. 

The amount of condensation that tHis work 
required evidently necessitated the sacrifice of 
the principle of logical sequence in the sec- 
ondary structure of the work; as a consequence 
the reader finds it difficult to retain what he 
reads. 

Critical reading uncovers many contextual 
contradictions. This is especially true in the 
chapters on the circulation, surgical shock and 
respiration. The contradictions that appear are 
somewhat proportional to the number of pri- 
mary sources from which the material was 
drawn. The chapter on the kidney is very well 
written and the chapters on acid base balance, 
salt and water balances and the hormones are 
good. These chapters may well be worth the 
price of the book. 

The text lacks an organized reference to the 
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physiology of anesthesia. Without a doubt, 
anesthesia exerts a very great influence upon 
the integration of physiological processes and 
consequently any text of “Surgical Physiology” 
cannot be complete without a discussion of the 
effects of anesthesia upon physiological proc- 
esses. 

The basic physiologic principles governing 
growth and repair are also neglected. The re- 
viewer feels that as a consequence the author 
has missed a golden opportunity for the con- 
struction of an interesting and enlightening 
introduction that could have contained some 
philosophical consideration of the problems con- 
fronting the physiologist and the surgeon. This 
might have served to make the book a challenge 
to thought rather than the challenge to memory 
that it is. 

Whatever the faults of the text may be, it is 
directed toward filling a need that every sur- 
geon knows to be existent but is one that seem- 
ingly only can be filled in a satisfactory manner 
by a collective effort of experienced surgeons 
and highly trained and experienced physiolo- 
gists. 

It is unlikely that any one man will ever be 
capable of acquiring a mastery of the ramified 
and complex divisions of physiology and of 
surgery that would enable him to write a 
critically constructed text of "Surgical Physi- 
ologv." 

Should this book stimulate the collaboration 
of specialists in the fields of physiology and of 
surgery in writing a comprehensive text, it will 
have provided of invaluable service. 

FREDERICK A. COLLER 


n 
Direcrory or MepicaL SprECIALISTS CERTI- 
FIED BY AMERICAN Boarps, 1942. Compiled 
by the Advisory Board for Medical Special- 
ties. Cloth. Price, $7.00. Pp. 2495. New York: 
* Columbia University Press, 1942. 


As most physicians know, this Directory 1s 
the only official and complete list of medical 
specialists. It lists them geographically as well 
as alphabetically and gives not only their pro- 
fessional biographies but in addition full de- 
tails of special training leading to certifica- 
tion. 

While the first edition had a large circulation, 
being widely used in business and medical or- 
ganization offices, as well as by individual 
physicians, it is now obsolete because of the 
large number of diplomates certified since 1939 
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by the former boards and also by the addition 
of Boards of Anesthesiology, Plastic Surgerve 
and Neurological Surgery. 

The size of the volume has been increased 50 
per cent although 4,000 added nameg account 
for about a 30 per cent increase. The dispropor- 
tion is accounted for by the additional bio- 
graphical data, this having been amplified both 
as to past positions, such as internships, new 
appointments, and military service. Procure- 
curement and selective service officials find it 
very helpful in identifying applicants for com- 
missions and verifying their qualifications. 

In these strenuous times few can afford to 


be without the aid of such a useful book. 
E. WALTER HALL., 
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An X-Ray Art as or Siticosis. By Arthur J. 
Amor, M.D. (Lond.), M.Sc. (Wales), Hon- 
orary Physician, Clydach Memorial Hospital; 
Medical Officer, Mond Nickel Co., Ltd., 
Swansea. The legends translated into French 
by Robert E. Horne, M.A. (Wales), Medical 
Secretary, Mond Nickel Co., Ltd., Swansea. 
With a Foreword by Sir Wilson Jameson, 
M.A., M.D. (Aberdeen), F.R.C.P. of the 
Middle Temple, Barrister-at-Law; Dean of 
the London School of Hygiene and Tropical 
Medicine. Cloth. Price, $8.00. Pp. 206, with 
72 illustrations. Baltimore: Williams & Wil- 
kins Company, 1941. 


THE 1941 YEAR Book or RApioLocGv. Diagnosts, 
Edited by Charles A. Waters, M.D., Asso- 
ciate in Roentgenology, Johns Hopkins Uni- 
versity; Assistant Visiting Roentgenologist, 
Johns Hopkins Hospital; Associate Editor, 
Whitmer B. Firor, M.D., Assistant in Roent- 
genology, Johns Hopkins University; As- 
sistant in Roentgenologv, Johns Hopkins 
Hospital. Therapeutics, Edited by Iga I. 
Kaplan, B.Sc., M.D., Director, Radiation 
Therapy Department, Bellevue Hospital, 
New York City; Associate Radiologist, Lenox 
Hill Hospital, New York City; Clinical Pro- 
fessor of Surgery, New YorR University 
Medical College. Cloth. Price, $5.00. Pp. 440, 
with 486 illustrations. Chicago: Year Book 
Publishers, Inc., 1941. 

INTESTINAL OBSTRUCTIONS: A PHYSIOLOGICAL 
AND CLINICAL CONSIDERATION WITH EM- 


PHASIS ON THERAPY; INCLUDING Drscnip- 
TION OF OPERATIVE PnockEpunES. By Owen 
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H. Wangensteen, B.A., M.D., Ph.D., Pro- 


- fessor of Surgery of the University of Minne- 


sota and Surgeon-in-Chief of the University 
of Minnesota Hospital. Second Edition. 
Cloth. Price, $7.00. Pp. 484, with 143 illus- 
tratiohs. Springfield, Illinois: Charles C 
Thomas, 1942. 


e 
PLASTIC SURGERY OF THE BREAST AND ÁB- 


DOMINAL Wart. By Max Thorek, M.D., 
LL.D., F.1.C.S., F.I.C.A., K.L.H. (France); 
K.C.I.; C.O. St. Alex; Medal of Hon. Rep. 
of Venezuela; Professor of Surgery, Cook 
County Hospital; Consulting Surgeon, Mu- 
nicipal Tuberculosis Sanitarium, Chicago; 
Surgeon-in-Chief, American Hospital of Chi- 
cago, etc. With an Introduction by Rudolf 
Nissen, M.D., F.I.C.S., Formerly Associate 
Professor of Surgery of the University of Ber- 
lin, and Professor and Head of the Depart- 
ment of Surgery of the Medical University of 
Istanbul, Turkey. With a Foreword by J. 
Eastman Sheehan, M.D., F.A.C.S., Professor 
of Plastic Reparative Surgery, New York 
Polyclinic; Surgeon, Morrisania City Hos- 
pital, New York; Associate Surgeon and Lec- 
turer, International Clinic, Lariboisiére Hos- 
pital, Paris, France. Cloth. Price, $16.50. 
Pp. 446, with 458 illustrations. Springfield, 
Illinois: Charles C Thomas, 1942. 


NUTRITION AND CHEMICAL GROWTH IN CHILD- 


Hoop. Volume I. Evaluation. By Icie G. 
Macy., Ph.D., Director, Research Laboratory, 
Children's Fund of Michigan, Consultant for 
Nutrition to the Pediatric Staff of the Chil- 
dren's Hospital of Michigan; Member of the 
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Food and Nutrition Board of the National 
Research Council, etc. With a Foreword by 
Hugo A. Freund, M.D., President Board of 
Trustees, Children's Fund of Michigan. Cloth. 
Price, $5.00. Pp. 432, with 66 illustrations. 
Springfield, Illinois: Charles C Thomas, 1942. 


OccuPATIONAL TUMORS AND ALLIED DISEASES. 


By W. C. Hueper, M.D., Assistant Director 
and Principal Pathologist, Warner Institute 
for Therapeutic Research, New York City. 
Cloth. Price, $8.00. Pp. 896. Springfield, Illi- 
nois: Charles C Thomas, 1942. 


A Manuat or RapiorurenAPy. By Murray M. 


Friedman, M.D., Assistant Professor of 
Radiology, College of Physicians and Sur- 
geons, Columbia University; Assistant Ra- 
diologist, Presbyterian Hospital, New York, 
N. Y. Paper. Price, $1.50. Pp. 86, with 30 
illustrations. Ann Arbor, Michigan: Edwards 
Brothers, Inc., 1942. 


PRorEcTioN or Rapium During Air Raips. 


National Bureau of Standards Handbook 
H38. Issued by the U. S. Deparment of 
Commerce, National Bureau of Standards. 
Paper. Price, 10 cents. For sale by the Su- 
perintendent of Documents, Washington, 
D. C. Pp. 17, with 3 illustrations. Washing- 
ton, D. C.: United States Government 
Printing Office, 1942. 
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Columbia University Press, 1942. 
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DUPLICATION OF ROENTGENOGRAMS BY THE 
LIGHT REVERSAL PROCESS* 


By GEORGE C. HENNY, M.D., GUSTAVUS C. BIRD, JR., M.D., and 
HERBERT M. STAUFFER, M.D. 


PHILADELPHIA, PENNSYLVANIA 


T IS well known among news photog- 

raphers that a negative can be made 
from another negative by the light rever- 
sal process. In other words, negatives can 
be directly duplicated. We have been sur- 
prised to find how few roentgenologists 
are aware of this process which can be 
used also with roentgenographic film so as 
to duplicate roentgenograms. Duplicates of 
roentgenograms can be made very con- 
veniently. Special film and developer are 
not required, and the process, which is de- 
scribed below, is so simple that anyone can 
do it. The only special piece of equipment 
required is an ordinary photographer’s 
printing frame large enough to hold the 
film to be copied. 

The roentgenogram which is to be du- 
plicated is placed on the clean glass of the 
printing frame. On top of this, in the dark- 
room, is placed an ordinary unexposed 
roentgenographic film of the same size. The 
printing frame is then closed, thereby 
clamping the unexpose film tightly against 
the roentgenogram. The glass of the print- 
ing frame may then be covered with a piece 
of black paper, carried outside or to an open 
window (without fly screen on it) and there 
exposed directly to the sunlight for about 
thirty seconds. The printing frame is taken 
to the darkroom and the film is given stand- 
ard development. When completely proc- 
essed, the film will be a close duplicate of 
the original. The time of exposure to the 
sunlight will depend somewhat on the time 


of the day and the clearness of the atmos- 
phere, and also upon the general density of 
the film to be duplicated. Since there is a 
great deal of latitude in this process, the ex- 
posure does not have to be carefully made, 
and thirty seconds 1s a good starting point. 
If the resulting film is too dark, the ex- 
posure to the light should be increased, and 
if it is too light, it should be decreased. This 
is the opposite of ordinary photographic 
procedure because of the reversal process. 
If the sun is not shining when the duplica- 
tions have to be made, it is possible to use 
artificial light, but the results mav not be 
quite as good. In this case perhaps the 
simplest procedure is to place the printing 
frame with the roentgenogram and under- 
lying film directly against the glass of a 
flm illuminator. The exposure time de- 
pends on the brightness of the illuminator 
but in most cases ten or fifteen minutes 
will be required. The film is developed in 
the darkroom in the usual manner, and the 
result should be a close duplicate of the 
original. If the light intensity over the sur- 
face of the illuminator is not uniform, the 
duplicate will show this unevenness. 

A fair duplication can be made by ex, 
posing the film 20 inches below a 100 watt 
light for thirty minutes. This film will prob- 
ably be darker than the original hut will 
have good diagnostic detail. 

To show the progress of the reversal 
process, a roentgenogram was made of an 
aluminum stepladder. The exposure was 


* From the Department of Radiology, Temple University Hospital, Philadelphia. 
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so chosen that the range of photographic EXPOSURE TO SUN LIGHT 
e densities was between 0.5 and 2.2 as shown 


by the broken line of Figure 1. This film o 
ewas then duplicated, using Eastman Blue 3 ts 
Brand roentgen film, by exposure to the 
sunlight for 0.2, I, 3, 10 and 30 seconds. 
Fhe duplicates thus exposed were measured 
with a densitometer and the data were ob- 
tained for the curves of Figure 1. Here it 
is seen that the longer the exposure, the less 
dense is the resulting film after develop- 
ment. Thus at 0.2 second (this exposure 
could not be accurately timed) the film 
is very black throughout the whole range, 
and*it 1s evident that there is very little 
contrast. As the exposure to the sunlight is — ^06 
increased, it is found that at thirty seconds 
the density curve is nearly superimposed 
throughout the whole density range on the 9 c 6 4 (e 
curve of the original. This shows that a STEP OF ALUMINUM LADDER 


nearly exact duplicate can be made, as far 


PHOTOGRAPHIC DENSITY 


os Fig. 1. Photographic density curves of duplicates of 
as density is concerned. The fineness of a roentgenogram of an aluminum stepladder. The 


detail suffers slightly, due undoubtedly to original roentgenogram, having nine density steps, 
the fact that the films are the double emul- is represented by the broken line curve. The copies 
sion type. Bone trabeculations can easily of the original were made by printing it on East- 
be seen on the duplicate film so that if the man Blue Brand roentgen film, exposure: being 
PEERS ud 16s duplicate ate paced made to the morning sun for the times indicated 
MHIL MAH en dos GUD pu pe on each curve. The films were developed in the 
side by side and viewed at the usual distance, usual manner in Eastman Kodalk X-Ray Devel- 
very little difference between the two can oper for six minutes at 65? F. 
be observed. 
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ROENTGEN AND RADIUM THERAPY 


SPANGLER, Davis. The effect of x-ray therapy 
for closure of the epiphyses: preliminary re- 
port. Radiology, Sept., 1941, 37, 310-315. 


There are various causes for unequal length 
of the legs. Orthopedic lengthening of the short 
leg requires months of hospitalization. and 
surgical shortening of the long one is usually 
objected to. The author suggests closing of the 
epiphyses at the knee of the long leg, preventing 
further growth and allowing the shorter leg to 
catch up. This is a preliminary report to sug- 
gest further trial of the method, as he has only 
used it in 4 cases, which are described. The 
treatment was successful in 3 cases and failed 
in the fourth. He believes that about 3,000 r 
given in one fractionated series will bring about 
closure of the epiphyses. He irradiates through 
four portals, one anterior, one posterior and one 
on each side, giving 750 r to each with 140 kv., 
through 0.25 mm. copper. The fractionating is 
arranged so as to produce tanning but not epi- 
dermitis. The knee joint cartilages should be 
protected with lead strips. 

These children were treated just before the 
spurt of bone growth that takes place at puberty. 
He thinks the results would be more satisfactory 
if they were treated at six to ten years of age.— 
Audrey G. Morgan. 


Barnp, L. W. Roentgen irradiation of calcareous 
deposits about the shoulder. Radiology, Sept., 
1941, 37, 316- 324- 

The author discusses the roentgen treatment 
in 18 cases of calcified subacromial bursitis. In 
fiagnosis two exposures should be made, one 
with external rotation of the humerus and one 
with internal rotation. As the deposits may be 
bilateral it is best to make exposures of both 
shoulders, even though the pain may be bi- 
lateral. In very acute cases it is often necessary 
to use a soft tissue technique as the shadows of 
the deposits are very faint. 

Of this series of cases g were acute, § sub- 
acute and 4 chronic. The technique was as fol- 
lows: 300 r (measured in air) in a single dose 
through a 15X15 cm. cone angled slightly to- 
ward the body over the anterolateral portion of 


the shoulder: 200 kv., constant potential, 1.0 
mm. copper plus 1.0 mm. aluminum filtee, 
50 cm. distance, 18 ma. Only one exposure was 
necessary to relieve pain and restore function in 
all of the acute and 2 of the subacute cases. In 
the 3 other subacute cases two treatments were 
necessary. Two of the chronic patients were re- 
lieved by three treatments at intervals of four 
weeks while the treatment was a failure in the 
other two. This method is not adapted for the 
treatment of chronic cases in which the ‘chief 
symptom is limitation of motion. This is caused 
by fibrosis and adhesions and is not relieved by 
irradiation. Audrey G. Morgan. 


KLEIN, I., and Kremes, I. S. Treatment of 
peritendinitis calcarea in the shoulder joint. 
Radiology, Sept., 1941, 37, 325-330. 


The authors give a tabulation of their cases of 
peritendinitis calcarea of the shoulder joint 
from 1932 to 1940. Physiotherapy in the form 
of infra-red therapy and diathermy was used 
from 1932 to 1937 while roentgen irradiation 
was used from 1937 to 1940. The roentgen 
technique was as follows: 75 to 100 r in air every 
three to seven days for four doses. If necessary 
a second course was given after a month's rest. 
The physical factors were: 125 kv., 4.0 mm. 
aluminum filter, 5 ma., 30 cm. distance, field 
8X8 cm., or 180 kv., 4 ma., 40 cm. distance, 
0.5 mm. copper and 1.0 mm. aluminum filter, 
field 10X 10 cm. The choice of method depended 
on the thickness of the shoulder. Both gave the 
same results. The calcifications disappeared 
under roentgen treatment and the period of 
disability was greatly shortened as compared to 
that with physiotherapy. The average period 
of disability with physiotherapy was fifty days, 
with roentgen treatment ten days. Seven illus- 
trative cases are described and illustrated with 
roentgenograms.—/7udrey G. Morgan. 


STONE, RonzEnr S., and Rosinson, J. MAURICE. 
Roentgen irradiation of the pelvis in carci- 
noma of the cervix uteri. Radiology, May, 
1941, 30, 521—533. 

In the authors’ plan of treatment radium 1s 
used for the primary lesion in the cervix and 
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„roentgen irradiation is used for the treatment of 
the territories to which the lesion is apt to 
spread. If the tumor of the cervix is small and 
well localized a complete course of radium treat- 
ment 19 given. If the tumor is in Stage 1 or 11 

. this is followed by a Wertheim operation; if it 

eS more advanced roentgen treatment is given. 
But if the growth is large and extensive, roent- 
gen treatment is given first in an attempt to 
decrease its size, and radium treatment is given 
two to six weeks later. 

Ninety per cent of lymphatic involvement 
occurs in the primary lymph nodes, which must 

therefore be irradiated. These are the hypo- 
gastric, the obturator, the iliac, the sacral and 

ethe*parametral nodes. The cancer may extend 

directly into the parametrium and the vagina 
and these must be included in the fields to be 
irradiated. 

The fields to be irradiated should be marked 
out carefully and the beam should be directed 
not at the cervix but at the lateral walls of the 
true pelvis and the anterior surface of the 
sacrum. The object is to irradiate not a certain 
area of skin but the structures lying beneath it 
and the physician himself should attend to the 
placing of the patient and the direction of the 
beam. This should never be left to technicians 
for it is a medical and not a technical problem. 
The amount of irradiation given should be as 
much as the normal tissues will bear. 

The authors have found that six fields, two 
anterior, two posterior, and two lateral, give 
the best internal distribution of the irradiation. 

They compare the results in two series of 
cases in the first of which they used 200 kv. 
therapy, half-value layer 1.05 mm. copper 
in which one anterior and one posterior field 
20X20 cm. and two lateral fields 10X20 cm. 
were used. The total dosage rarely exceeded 
2,000 r, in air, per field. In the second series 
thty used 1,000 kv., with anterior and posterior 
fields 20X20 cm. but no lateral fields; at first 
316 r and later 240 r, in air, was used per field 
ser treatment. There was a higher percentage 
of survivals in the group treated with 200 kv., 
but there was evidence in both that the growth 
of theecancer was slowed or stopped by the 
roentgen treatment.—/fudrey G. Morgan. 


CawTRIL, Simeon T., BuscuHkE, FRANz, and 
Parker, H. M. Irradiation in cancer of the 
cervix uteri. Radiology, May, 1941, 36, 534- 


542. 


* Abstracts of Roentgen and Radium Literature 


559 


In treating cancer of the cervix an attempt 
should first be made to determine the anatomic 
limits of the growth and the effect it has had on 
the patient. As the majority of deaths are due 
to occlusion of the ureters, cystoscopy and 
intravenous urography must be used in many 
cases. Among 19 Stage Iv cases in which intra- 
venous urography was done half showed some 
degree of ureteral obstruction. — 

The authors do not give purely palliative 
treatment, for the amount of palliation ob- 
tained is rarely in proportion to the severity of 
the treatment. Patients with ureteral obstruc- 
tion are treated with the object of restoring 
permeability of the ureter if possible. They 
follow no rigid outline of treatment as this is a 
disease in which individualization is most im- 
portant. In all except Stage 1 cases they supple- 
ment radium treatment with roentgen irradia- 
tion, using 800 kv., 10 ma., 4 mm. lead filtration, 
100 cm. distance, with an intensity of 23.5 r per 
minute for a field of 10X 14 cm. Types of radium 
applicators are shown. As a rule they give a 
total radium dose of about 8,000 mg-hr., equiva- 
lent to about 4,500 r. Radium should be given 
first, followed by roentgen irradiation unless 
anatomical conditions make this method impos- 
sible. A rectal reaction can hardly be avoided if 
sufficient treatment is given. They use two an- 
terior suprapubic and two posterior lumbosacral 
fields, and if greater dosage to the parametrium 
is desirable also two oblique ischiosciatic fields. 
The size of the fields is 10X 10 cm. in small pa- 
tients and 10X14 cm. in larger ones. 

Isodose curves were determined in a pressd- 
wood model of the pelvis of a living subject. A 
study of these measurements shows that a 
roentgen-ray dose of 2,600 r contributes little 
to the combined dosage at the periphery of the 
broad ligaments in & broad pelvis. It is known 
clinically that roentgen therapy rarely cures a 
cancer of the cervix that has spread into the 
broad ligaments and to the wall of the pelvis. 
They show also that the effective range of 
radium is sufficient for Stage 1 and that in Stage 
11 the roentgen-ray contribution is not apt to 
increase the dosage beyond the tolerance level. 
In Stage 11 an increase of either the radium or 
roentgen-ray dose may be necessary to control 
outlying metastases. In patients with a small 
pelvis this is best obtained by increasing the 
radium dosage and in patients with a large pel- 
vis the roentgen-ray doses may be increased 
with greater safety than in smaller ones, though 
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wherever radium can be used its effects can 
more readily be localized in the places where it 
is most needed and normal tissues are injured 
less. 

Radium is the more important source of 
radioactivity and the success of its use should 
not be endangered by using external rcentgen 
treatment first and carrying it to the limit of 
tolerance of the normal tissues. In Stage iv in 
which radium cannot be used the curability 
cannot be increased solely by increasing dosage 
by supervoltage therapy. There are other factors 
than dosage to be considered; the biologic ef- 
fects of radiation on normal and malignant tis- 
sues are of the first importance. For certain 
kinds of cells there is no lethal dose and there 
is no certainty that tissues will be destroyed by 
any given irradiation.._-dudrey G. Morgan. 


LILJENCRANTz, Eric, and Newe tt, R. R. 
Technic of irradiation of cancer of the uterine 
cervix, combining radium and supervoltage 
roentgen rays. Radiology, May, 1941, 36, 
543-549. 

For the past few vears the authors have been 
using very hard roentgen irradiation (half-value 
layer =2.7 mm. Sn). They use three fields at 120 
degrees, one suprapubic and two posterolateral 
(gluteal). The fields are 15 to 16 cm. circles. A 
sketch is given showing the entrances and exits. 
As external irradiation. alone cannot give a 
third of the dosage at the cervix attained by 
radium, radium treatment is added. They be- 
lieve that roentgen irradiation should be used 
first and radium afterward. Thev treat patients 
six days a week with rotation of the three fields. 
The postérior areas are generally given 400 r 
each time and the suprapubic area 300 r. Back- 
scatter adds 20 per cent. In a month the limits 
of skin tolerance will have been reached with 
3,900 r tissue dose in front and 4,800 r gluteal. 
Radium is applied once within a few days of the 
completion of the roentgen treatment. Filtration 
2 mm. platinum. Time usually thirty hours, 
giving a total of 3,000 mg-hr. 

They have used this technique three years. 
They have 5 patients well after that time. Forty 
are living less than three vears after treatment, 
30 of them mere than one vear, but 13 
still have visible cancer. All of these patients 
were in Stages tr and rir. Of the r4 who have 
died all but two were in Stage 111.—-dudrey G. 
Morgan, 
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SANDLER, BERNARD. The radium distribution. 
factor in carcinoma cervix therapy, with a 
comparison of techniques. Brit. 7. Radiol., 
Sept., 1941, 74, 284-293. 


Tables are given showing the dose delivered 
to different parts of the pelvis by various tech- 
niques with different methods of distribution of 
radium. The values assumed as maximum toler- 
ance doses are for the vaginal vault 18,000 to 
20,000 r, for the cervix 30,0co r and for the 
rectovaginal septum 5,000 r. An examination of 
the different techniques shows that if 6,000 r is 
accepted as the cancericidal level no technique 
with radium alone delivers this dosage at $ cm. 
trom the midline and few can deliver it at more 
than 3 cm. from the midline. 

With all techniques it is found that the size 
of the vagina has a very great effect on the 
depth dose, an effect even greater than that of 
the technique used. A single source of radium 
will not give the best results. Radium must be 
applied from at least two vaginal sources. Each 
size of vagina must have its own technique; the 
vaginal tolerances must be determined and then 
two sources of radium used in such a way that 
the maximum tolerances are fully utilized; the 
radium must be placed as far away as possible 
from the vaginal mucosa and as large as possible 
a weight of radium must be used so that the 
largest possible depth dose may be given. The 
results showed that corks are better than box 
applicators. 

Roentgen irradiation causes stenosis of the 
vagina and therefore if roentgen treatment is 
given some days before the insertion of radium 
the available space in the vagina will be reduced 
by the roentgen irradiation. Radium should 
therefore be given first or, if not, the radium 
should be inserted very shortlv after the roent- 
gen irradiation so that there will not be time for 
stenosis to occur. r 

Fach vagina must have its own technique 
carefully worked out and the relations of uterine 
and vaginal radium to the depth dose and to 
each other must be determined accurately. It 
must be possible to give the calculated dosage 
exactly without any influence by the operator. 
Therefore factors such as different degrees of 
pressure in packing, the stiffness of the springs 
used in the Paris technique, etc., must be elimi- 
nated. A solid applicator made in sections is 
suggested, which fills the vagina and fornices 
completely so that no packing is necessary. The 
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distance between the radium and mucosa and 
*between the different radium sources is exactly 
fixed. A specially designed applicator is neces- 
Sary for each vagina in order to give the pre- 
determined maximum tolerance dose. The 
radium dosage can be correlated with any 
reentgen technique.—.Zudrey G. Morgan. 


Dovs, Howarp P., Prarr, Jean P., and 
Jones, Horace C. Combined irradiation and 
surgery in treatment of carcinoma of the 
pelvic colon. Radiology, Nov., 1941, 37, 575 
$80. 


Since 1924 the authors have used a combined 
method of surgery and irradiation in the treat- 
ment of cancer of the colon and rectum at the 
Henry Ford Hospital in Detroit. They first give 
roentgen irradiation consisting of a dailv full 
erythema dose around the pelvis through four 
fields. The physical factors are: 200 kv., 25 ma., 
50 cm., focus-skin distance, 0.§ mm. copper and 
I.o mm. aluminum filtration, 720 r. After from 
four to six weeks, operation is performed. The 
technique has to be varied according to the case 
but in the majority of cases a one-stage ab- 
dominoperineal or combined anterior and pos- 
terior resection can be used. Some surgeons 
condemn preoperative irradiation because thev 
say it increases the risk of operation but the 
authors have found, on the contrary, that it de- 


creases it. Possibly part of this difference of 


opinion is due to the time interval between ir- 
radiation and operation. If operation is per- 
formed too soon during the period of engorge- 
ment it may increase the risk. But if it is 
postponed until the patient’s physical condition 
has reacted favorably it decreases the risk. Ir- 
radiation also seems to furnish a certain degree 
of protection against peritonitis. This finding 
has been confirmed by animal experiment. 

In the authors’ series of cases there was 8 per 
cent postoperative mortality, 46 per cent lived 
less than five years and 46 per cent more than 
five years. If the cases are counted in which only 
surgical excision was performed the percentage 
of five year survivals is 60 per cent. This is 
probably because the cases treated by operation 
alone were early cases, while many of those 
treated by irradiation were inoperable until 
after irradiation was given. This method seems 
to raise the limit of operability in patients who 
otherwise would be inoperable.—dudrey G. 
Morgan. 
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Bowing, Harry H., and Fricke, Roserr E. 
Malignant disease of the rectum and recto- 
sigmoid treated with radium. Radiology, 
Nov., 1941, 37, 569-574. 


It has been calculated that 5 per cent of all 
malignant disease of the body occurs in the sig- 
moid and rectum. If untreated, rectal cancer 
is very painful and accompanied by hemorrhage, 
foul rectal discharge and total disability. About 
65 per cent of the cases are inoperable when they 
come for treatment. The great importance of 
radiation therapy is therefore apparent for life 
can be lengthened and made much more com- 
fortable for these patients. They are usually 
elderly people with other degenerative diseases. 

Treatment is generally with radium which 
may either be implanted in the tumor or if the 
tumor is accessible given by the contact method, 
two tubes containing approximately equal 
amounts of radon filtered through 0.5 mm. silver 
and 1 mm. brass enclosed in 2 mm. soft rubber 
being strapped together to form a small plaque 
which is placed directly against the tumor. 
Several applications may be necessary, prob- 
ably one a day, to cover the entire growth ade- 
quately. The usual dosage for cases which have 
not had colostomy is from 40 to 100 mc-hr. per 
square centimeter of diseased surface. The total 
dose 1s heavy. A table is given showing the dos- 
age at various depths with given amounts of 
surface radiation. 

No routine technique can be given because 
the cases vary so greatly. The results depend to 
a great extent on the skill, care and patience of 
the radiologist. Treatment is necessarily dif- 
ficult and tedious. Early diagnosis and treat- 
ment of polyps of the rectum should reduce the 
incidence of cancer of the rectum. In 1934, 500 
cases were reported from the Mayo Clinic. Of 
this group 193 (39 per cent) survived for three 
vears, five years or ten years or more. Counting 
only the patients who were given preoperative 
treatment 45 per cent survived. Audrey G. 
Morgan. 


PRiEsTLEY, J. T., and Scuu rte, T. L. The treat- 
ment of Wilms’ tumor. F. Urol., Jan., 1942, 
47, 7-10. 


The proper method of treatment of Wilms’ 
tumor is still a subject of controversv. Most urol- 
ogists agree on preoperative irradiation, 
nephrectomy and postoperative irradiation. 
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The finding of viable tumor cells at operation 
after preoperative irradiation indicates that 
irradiation alone is not adequate. At the Mayo 
Clinic no case of Wilms’ tumor treated by ir- 
radiation alone survived for five years. 

An argument which has been advanced for 
immediate operation without preliminary ir- 
radiation is that metastases may occur during 
the three to six week interval which treatment 
requires. This argument was felt to be applica- 
ble in one of the authors' cases in which a chest 
roentgenogram prior to beginning irradiation 
showed no evidence of metastasis. One month 
later, a chest roentgenogram after nephrectomy 
showed extensive pulmonary metastases. Ob- 
viously, it could not be proved that these metas- 
tases were not present on the original examina- 
tion although not demonstrable. 

Arguments in favor of preoperative irradia- 
tion are that surgical removal is facilitated due 
to decrease in size of the tumor. This means less 
operative morbidity and mortality. 

In the experience of the authors the best re- 
sults have been obtained from nephrectomy 
combined with pre- and postoperative irradia- 
tion.—R. M. Harvey. 


Muncer, A. D. Experiences in the treatment 
of carcinoma of the prostate with irradiation 
of the testicles. 7. Urol., Nov., 1941, 46, 
1007-1OII. 


The occasional beneficial results occurring in 
cancer of the breast following irradiation of the 
ovary suggests the possible value of suppression 
of testicular function in cancer of the prostate. 
Testicular hormonal activity can be suppressed 
by delivery of 500 roentgens to the testicle. In a 
series of 11 cases the author delivered $00 roent- 
gens to each testicle by means of supervoltage 
therapy in addition to the scattered radiation 
that was delivered there from other portals used 
in the routine treatment of the prostate gland. 

Of 45 cases treated by resection and irradia- 
tion, Io survived while 8 of 11 cases treated with 
resection, irradiation and additional testicular 
irradiation survived. The survival time of 5 
of the 8 patients ranged from three to seven 
vears. The prostatic bed appears much more 
resilient in these cases as compared with similar 
cases treated without the additional testicular 
irradiation. In 2 cases with pelvic metastases, 
the metastatic sites appear to have become 
stabilized although still present. 
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The author feels that additional irradiatio 
to the testicle adds something definite to th 
treatment of cancer of the prostate.—R. M 
Harvey. 
LÀ 
RaNDALL, A. Irradiation control of testiculz 
tumor metastases; return of renal functie 
after long apparent absence. Y. Urol., Dec 

1941, ZO, 1144-1148. 

Intravenous urography is of value in th 
study of metastasis of testicular tumors. | 
a study of 17 cases of testicular tumor th 
author has encountered 7 cases of complete un 
lateral anuria, indicating renal dysfunction. Th 
diagnosis in 6 of the 7 cases was established b 
orchidectomy. In all cases active irradiation we 
employed and in 3 disappearance of the abdom 
nal mass occurred with subsequent return of th 
anuric kidneys to apparently normal functioi 
Of these 3 cases 2 are alive and all of the 4 ar 
dead in whom renal function did not retur 
following irradiation. 

There were varied explanations for the caus 
of the anuria in the different cases. In the 
cases which terminated fatally ureteral obstru: 
tion was present in 2, the kidney was invade 
by the tumor in the third and the renal vein w: 
invaded by the tumor in the fourth case. 

Of the 3 cases in which return of functic 
could be demonstrated in a previously anur 
kidney, a late obstructive uropathy develope 
in one. In the other 2 the author suggests as tl 
mechanism for the anuria renal ischem 
secondary to lymphatic stasis. This could r 
sult from an increase in intrarenal pressure. 


R. M. Harvey. 


Mertz, H. O., Howe t, R. D., and HENDRICK 
J. W. The limitations of irradiation of sol 
renal tumors in children. 7. Urol., Dec., 194 
4Ó, 1103-1120. E 


Preoperative and postoperative irradiatic 
is only an adjuvant to surgical removal in trea 
ment of kidney tumors. Apparent clinical cuf 
have been reported following irradiation alon 
The authors employed roentgen radiation in tl 
treatment of 11 renal tumors, in chfldren. | 
3 of these tumors the lesion proved to be cyst 
at operation and irradiation had no effect on tl 
size of the tumor. Irradiation also had no effe 
on a polycystic kidney. In 3 patients the tum 
mass became smaller but all 3 died with 
palpable tumor and no autopsy was permitted. 
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Roentgen treatment was not complete in 2 
cases. Only 3 of the group with solid renal 
tumors had adequate irradiation and subse- 
quent pathological diagnoses of the irradiated 


‘tumors. All cases were treated at co cm. with 


200 kv. and a Thoraeus filter. 

e The first patient was a white male, aged 
twenty months, who had a large embryonal 
adenomyosarcoma which could not be ade- 
quately irradiated due to severe gastrointestinal 
upsets following each attempt. The few treat- 
ments given had no effect on the tumor. The 


dosage given 1s not stated by the authors. 


The second case was an embryonic adenomyo- 
sarcoma of the left kidney in a male, aged 
eleven years. He received 2,000 r (measured in 
air) to an anterior and posterior portal over the 
kidney with daily treatments of 200 r to one 
portal. This gave an estimated tumor dose of 
2,960 r. Three months later, 2,000 r was given 
to an anterior, posterior and lateral portal with 
an estimated tumor dose of 4,000 r. A left 
retrograde pyelogram at this time showed an 
almost normal kidney. Treatment was con- 
tinued at three month intervals for a total 
estimated tumor dose of 9,200 r. The mass ap- 
peared to regress following the first two courses 
but after the third course it began to grow 
rapidly and the patient died fourteen months 
after he was first seen. 

The third case of embryonic adenocarcinoma 
was in a male, aged twenty-nine months. This 
case received an estimated tumor dose of over 
16,000 r. The child has survived more than three 
years and 1s apparently clinically cured. 

The authors make a plea for larger dosage in 
these cases, continued for an indefinite period 
with shorter rest periods.—R. M. Harvey. 


KREUTZMANN, H. A. R. The treatment of Hun- 
ner's ulcer with deep x-ray therapy. ¥. Urol., 
Nov., 1941, 46, 907-912. 


Fulguration has proved to be the most effec- 
five method of treatment in Hunner's ulcer. The 
author wasgnade aware of the value of roentgen 
treatment in this condition by a patient who 
had a Munner's ulcer and menopausal uterine 
hemorrhages. Roentgen treatment of the uterine 
hemorrhage resulted in cure of the ulcer, which 
had recurred following fulguration. Five other 
patients in whom Hunner’s ulcers recurred 
after other forms of treatment were subjected 
to deep roentgen therapy. The factors were: 
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200 kv. at so cm. tube-skin distance, with a 
filter of o.§ mm. of copper and 1 mm. of alumi- 
num. Anterior and posterior portals were used. 

The usual dosage administered was 1,200- - 
1,500 roentgens to each portal. No improvement 
occurred in 3 cases. In the other 3 cases com- 
plete symptomatic relief occurred together 
with disappearance of the ulcer for periods 
ranging from seven to twelve months. The 
author says that this compares favorably with 
the results from fulguration. 

The dangers are possibility of producing 
permanent skin changes from repeated series 
of treatments and production of the menopause 
in young women.—R. M. Harvey. 


Hauser, Harry. Roentgen therapy in tubercu- 
lous cervical lymphadenitis. Radiology, Sept., 
1941, 37, 3047309. 

The treatment of choice in tuberculous cervi- 
cal adenitis is roentgen irradiation. combined 
with conservative surgery. 

The author reports a series of 108 cases 
treated from 1932 to 1940. All types of the dis- 
ease were treated. Eighty-seven of the cases 
were followed up for from a few months to 
seven years. Among these the results were satis- 
factory in 88.5 per cent and unsatisfactory in 
II.5 per cent. 

As this is a chronic inflammation small doses 
of irradiation should be given at comparatively 
long intervals over a long period of time. The 
author's technique was: 200 kv., 0.75 mm. copper 
plus 2.0 mm. aluminum filtration, half-value 
layer 0.9 mm. copper, 5o cm. target-skin dis- 
tance, I50 r every ten days for 100 days or a 
total dosage of 1,500 r. With 20 ma. current 
the output was 35 r per minute. In bilateral 
lesions the dosage was xoo r on each side of the 
neck giving a total dosage of 1,000 r on each 
side. The field irradiated was larger than the 
involved area. 2 

The prolongation of the irradiation prevented 
skig damage even if the series was repeated six 
months to a year later. However, a second or 
third repetition may injure the skin. 

Two cases are described in detail to illustrate 
satisfactory and unsatisfactory results. In the 
second case in which the local results were un- 
satisfactory the patient's general condition was 
nevertheless greatly improved. She was a. 
woman of forty who had had enlarged glands 
since she was fourteen years of age.—udrey G. 
Morgan. | 
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KELLY, JAMES F., and DoweLL, D. ARNOLD. 
Twelve-year review of x-ray therapy of gas 
gangrene. Radiology, Oct., 1941, 37, 421-439. 


The first report on the roentgen treatment of 
gas gangrene was made in 1931. Up to that time 
the mortality from that disease had been 40 per 
cent or more, and many amputations had been 
performed. In the group of 8 cases reported at 
that time the mortality was only 25 per cent 
with no removal of tissue after roentgen treat- 
ment had begun. Tables and graphs are given 
showing the mortality in the authors’ own cases 
and cases collected from the literature since 
that time. In 364 cases with one or more roent- 
gen treatments the mortality was 11.5 per cent; 
in 288 cases with three or more roentgen treat- 
ments 5.9 per cent, and in 42 cases with three 
or more roentgen treatments and no serum 4.7 
per cent. So with roentgen treatment gas 
gangrene can no longer be considered a really 
serious disease. 

The mortality was higher in cases treated on 
clinical evidence alone than in those in which 
laboratory examination showed C/. welchit. 
That is, the inclusion of cases with doubtful 
diagnosis raised rather than lowered the mor- 
tality. 

Amputation is not indicated in these cases. 
Only such tissue should be removed as is neces- 
sitated by the wound. No major surgery should 
be performed during the acute toxic stage for 
the infection itself. Nor should either serum or 
sulfonamides be used in conjunction with the 
roentgen treatment. The antitoxic 
roentgen therapy is evidently nonspecific and 
can be used in other infections, such as peri- 
tonitis and osteomyelitis. 

Irradiation can also be used prophylactically. 
A number of cases are described in detail, show- 
ing the method of use and the results of the 
treatment. 

* [n the discussion, Dr. McNamee objected to 
the use of the term prophylactic. He said that 
what was described as prophylaxis was really 
onlv very early treatment before clinical signs of 
the disease had developed. Dr. Kelly replied that 
what he had called prophylactic irradiation 1s 
not a vaccination but that it 1s prophylaxis in 
the sense that it prevents the infection from 
becoming established. In reply to*a question in 
regard to dosage he said that they gave for 
treatment ISO r per day in two doses of 75 r 
or three doses of 50 r each to the entire abdomen 
or the area believed to be infected. For pro- 
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phylaxis they give one dose of 75 r per day. 
From go to 130 kv. is used, depending on the* 
thickness of the part and filtration is increased 
with kilovoltage.— Audrey G. Morgan. 
e 
Dowbpv, AnpREW H., and SEweE.Lt, RosBerr L. 
Roentgen radiation in experimental Clos- 
tridium welchi infection (gas gangrene) 1 
dogs. Radiology, Oct., 1941, 37, 440-442. 


Experimental work in gas gangrene on small 
animals has been unsatisfactory because of the 
irregular and unpredictable course of the disease. 
But the authors have succeeded in. producing 
an infection quite similar to that in man in dogs. 
They injected material from a twenty-four hour 
unwashed culture of gas bacilli intramuscularly 
into the thigh of the dogs. Sixty-six dogs were 
inoculated, 16 being used for biological stand- 
ardization, 25 for the tests and 25 as controls. 
After the injections they were irradiated. with 
an individual dose of 100 r (measured in air), 
portal from 20 X20 cm. to 20 X 30 cm. Morphia 
was given in some cases to keep the animals 
quiet. The survival was 36 per cent among the 
irradiated animals and 20 per cent in the control 
group. The average survival period was almost 
twice as long in the irradiated as in the non- 
irradiated animals— 45.4. hours as compared 
with 24.5 hours. The results are more striking 
when die factors of time between inoculation 
and irradiation, amount of treatment, dosage 
and kilovoltage are taken into consideration, 
and a table is given showing the effect of some 
of these factors. For instance in a group of ani- 
mals given 1.25 cc. of the material (the lethal 
dose) or more, survival in the irradiated animals 
was 31 per cent and in the non-irradiated ani- 
mals only 12.5 per cent. Further study is to be 
made of the effect of varving these factors and 
of the effect of using sulfanilamide compounds 


alone or in conjunction with irradiation. 
Audrey G. Morgan. 
Hopocks, Frep M., SxEap, L. O., and BERGER, 


R. A. Roentgen therapy of hemangiomata. 
. # e ` 
Radiologv, June, 1941, 76, 700-705. 


Radium treatment has been quite generally 
used in the treatment of birthmarks. The 
authors find that equally good or better results 
can be obtained in certain types of these lesions 
by the use of roentgen rays. Filtered rays are 
used in selected cases of cavernous 
hemangiomata and contact therapy in the more 


certain 
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or less superficial strawberry birthmarks. Three 
eillustrative cases are described, in the first of 
which a very large cavernous birthmark of the 
ear and face was reduced to only slight dis- 
coloration by treatment continued over thirty 
months. “During this time the child was given 
1,440 r filtered through 3 mm. aluminum at a 
fScal skin distance of 25 cm. and at 135 kv. She 
was never given more than 200 r delivered in 
air at one treatment, more often 120 r at the 
rate of 40 r per minute. Contact therapy is now 
being used to overcome the remaining dis- 
coloration. Among 19 infants treated for 
strawberry birthmarks by the contact therapy 
method g have been discharged with so little 
discajoration that the lesion could not be located 
if its presence was not previously known. Of the 
remaining patients none has been under ob- 
servation more than six months. 

With contact therapy they give one treat- 


ment in four to six weeks. The dose is only of 


three seconds' duration, during which 400 r in 
air is delivered. This produces little or no re- 
action in the tenderest skin of the voungest 
infant.— Audrey G. Morgan. 


Arons, Istpore. Further studies on radio- 
therapy of lymphoblastoma. Radiology, Aug., 
1941, .37, 164-173. 

In the course of the past ten years the author 
has treated 45 cases of lymphoblastoma, con- 
sisting of 12 cases of Hodgkin's disease, 15 of 
lymphosarcoma, 13 of leukemia and 5 on the 
borderline between leukemia and lymphosar- 
coma. Eight of the cases are described and 
illustrated with roentgenograms and the details 
of the roentgen treatment given in the case 
histories. 

It has been found that normal function of 
the reticulo-endothelial system is a major factor 
in resistance to malignancy. This is particularly 
true in malignant disease of the lymphatic 
system. Therefore modern treatment of the 
lymphoblastomas aims to give a dosage suf- 
fieient to destroy the local lesions without injur- 
ing the reticylo-endothelial system. The massive 
doses that were at first given with disastrous 
results are no longer used. The low voltages 
formerly used have been increased to the pres- 
ent high voltages. The doses are now fractioned, 
the doses being given at brief enough intervals 
to ensure continuous radioactivity and to pre- 
vent the recovery of malignant cells not com- 
pletely destroyed. 
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As autopsies have shown that the areas of 
malignant proliferation are larger than shown 
clinically, extensive irradiation should be used. 
The author thinks, however, that irradiation of 
the whole body should be used only in selected 
cases. Irradiation of the spleen—-small doses 
over three fields—is of value in some cases of 
lymphoblastoma. 

Experimental work has shown that involve- 
ment of the spleen is accompanied by a high 
percentage of involvement of the lungs. 

Irradiation with small doses and short inter- 
vals is only palliative but may treble the life 
expectancy of the patient. —dudrey G. Morgan. 


Popp, WALTER C., and Warkins, CHARLES H. 
Roentgen therapy for chronic macrolympho- 
cytic and mesolymphocytic lymphatic leu- 
kemia. Radiology, Aug., 1941, 37, 160-163. 


The authors describe what thev consider a 
special phase of lymphatic leukemia rather than 
a new type of the disease. It is characterized by 
the fact that a large majority of the lympho- 
cytes are of the macrolymphocytic or mesolym- 
phatic type. At first glance the picture might be 
confused with that of acute leukemia but a 
close examination of the cells shows that they 
are not lymphoblasts. 

Special care is necessary in the rcentgen 
treatment of this phase of the disease as these 
cells are particularly sensitive to irradiation. 
Also irradiation with large doses is apt to bring 
about a rapid increase in blood urea, either from 
diffculty in eliminating the waste products of 
the destruction of leukocvtes or from involve- 
ment of the kidney itself. Too great reduction 
of the number of leukocytes should also be 
avoided. When the count is around 75,000 re- 
duction to 25,000 to 30,000 is sufficient and 
proportionate reductign with other counts. 

They give not more than 100 to 125 r per field 
with about 130 kv. Only one treatment is givefh 
per day and they are continued daily until the 
count has reached the desired level. Frequent 
leukocyte counts and blood urea determinations 
should be made. 

Dr. Haden said be believed the disease de- 
scribed was more closelv related to sarcoma 
than the classic lymphoid leukemia. Such cells 
are sensitive ¢o irradiation. Dr. Portmann said 
he believed he had not made a special classifica- 
tion of the tvpe of leukemia described. He has, 
however, given roentgen treatment to patients 
in the leukopenic stage of leukemia with good 
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results. In these cases he gives spray* irradiation 
anteriorly and posteriorly in small doses—25 to 
5o r—on alternate days. He has had bad results 
in only 1 case in which an overdosage was given. 
Dr. Newell said he believed in giving the small- 
est dosage that gives results in all cases of 
leukemia. He generally starts with a dosage of 
25 r rather than 100 r. He does not understand 
the authors' fear of a low white count. Even if 
the count goes down to 6,000 it is not alarming 
if this fall has been brought about by small 
doses of irradiation. Dr. Popp in closing said 
there is probably no disease in which there is 
greater confusion in classification. than in 
leukemia. He believes the type described by 
him and his colleagues is a distinct entity and 
should not be confused with leukosarcoma. 
Audrey G. Morgan. 


Jacox, HaroLo W., and FREEDMAN, LrsrER J. 
The roentgen treatment of myxomatous cu- 
taneous cysts. Radiology, June, 1941, 36, 695— 
699. 

The authors describe 7 cases of myxomatous 
skin cysts seen at the Western Pennsylvania 
Hospital in the course of three years. This in- 
cidence in an active dermatological service 
shows that these cysts are not very frequent. 
They were formerly confused with synovial 
lesions of the skin but the differentiation should 
be made as surgery is effective in the latter 
while the myxomatous cysts are apt to recur 
after surgical removal. 

These cysts are caused by degenerative 
changes in the corium, the etiology of which is 
not known. They are not reducible by pressure 
as the synovial cysts are and as they are a part 
of the corium the skin cannot be moved over 
them. They are best treated by low voltage 
roentgen therapy, 100 kv. constant potential, 
4 ma., 30 cm. focal skin distance, no added 
filtration, 120 r per minute, 1,400 to 1,600 r at 
one treatment. The field should be limited to 
the base of the lesion and the surrounding skin 
adequately protected. The doses formerly used 
were too small to be eftective.—Audrey G. 
Morgan. 


CiPoLLARO, ANTHONY C. Irradiation in derma- 
. e. : 
tology. Radiology, June, 1941, 36, 684-694. 


There is a great lack of uniformity in the 
technique of irradiation in skin diseases. In 
general, roentgenologists tend to use higher 
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voltages, greater filtration, larger doses and 
shorter intervals between treatments whilée 
dermatologists use lower voltages, little or no 
filtration and smaller doses with longer inter- 
vals. Certainly the quality of ravs should be 
used which gives the best results with the least 
damage to underlying structures. A chart is 
given which shows absorption curves with 
depth doses of various radiations used in derma- 
tological practice superimposed, with correct 
dimensions, over a cross-sectional diagram of 
the skin. The peak voltages varied from 4o to 
140 kv. It shows that for routined ermatologic 
treatment unfiltered roentgen rays generated 
with 40 kv. are as effective as those generated 
with 100 kv. Certainly 100 kv. rays are gnorg 
than adequate to reach pathological lesions in 
the skin. In support of his thesis that high 
voltage heavily filtered rays are unnecessary 
and even undesirable in dermatologic practice 
the author discusses the treatment of a number 
of the commoner skin diseases. 

In the discussion Dr. Driver said that the 
less irradiation given consistent with good re- 
sults the better. Nor should irradiation be re- 
peated too often for such diseases as acne vul- 
garis, particularly in young people less than 
seventeen or eighteen years of age. The need of 
a complete knowledge of the treatment used 
was also emphasized.— Audrey G. Morgan. 


AsuBunv, Howanp Hicks. An ointment for the 
relief of discomfort due to severe irradiation 
epidermitis. Radiology, June, 1941, 36, 739. 


` 


In the ordinary skin reaction caused by ir- 
radiation the discomfort can be controlled by 
aquaphor. But the author describes a case of 
severe reaction from irradiation of cancer of the 
vulva. This is a particularly sensitive area and 
the skin and mucous membrane were com- 
pletely denuded. Relief was obtained by the 
local application two or three times within 
twenty-four hours of an ointment made by the 
addition of 0.§ to 1 per cent of tetracaine to the 
aquaphor.—Audrey G. Morgan. j 

E] 

Ronznrs, Fr. The limitations of biopsy in x-ray 
therapy. Brit. T. Radiol, April 1941, 74, 
144-145. 

There has been an increasing tendency on the 
part of radiologists to demand biopsy examina- 
tions before giving treatment. The author be- 
lieves that this tendency has been exaggerated 
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and that, if there are clinical and roentgeno- 
jogical evidences of malignancy, treatment 
should be given without waiting for a pathologi- 
cal examination. In the first place, the patient 
is apt to be very sick and should not be sub- 
jected to*additional unnecessary strain. Then 
there is the possibility that a malignant growth 
mày be disseminated. Biopsy often does not 
give a definite result; the part of the growth 
that is removed may be non-malignant but 
there may be malignancy in other parts. The 
course of the treatment cannot be influenced by 
the finer degrees of microscopic malignancy. 
Some radiologists evidently fear that if his- 
tological diagnosis is not made and a cure re- 
sults discredit will be cast on their treatment on 
the ground that the diagnosis was incorrect. 
But the fact that malignant growths can be 
cured by irradiation has been sufficiently 
proved so that histological evidence is not 
necessary in every case.—Audrey G. Morgan. 


Jacosy, PauL, and Srororr, J. Investigations 
into the significance of the sedimentation re- 
action as regards the prognosis of irradiation 
of cancer patients. Radiology, May, 1941, 36, 


617-620. 


This report is from the Radium Center of the 
Danish Society for the Campaign against Can- 
cer in Odense, Denmark. This country is so 
small that it is much easier to follow up cancer 
patients than in larger countries. The author 
reports $9 cases of cancer of the breast and 39 
with cancer of the uterus in which sedimenta- 
tion tests were made before treatment and 
afterwards at varying intervals. Tables are 
given showing the details of the results. 

The prognostic significance of the sedimenta- 
tion reaction cannot be judged until about a 
year after the beginning of treatment. The 
figures for both groups of cases show that in- 
creased sedimentation reaction has an unfavor- 
able prognostic significance. The use of the 
sedimentation reaction in the control of cancer 
patients should be continued.—Audrey G. 
A forga n. 
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LiNDGRESN, Erik. An apparatus for radiography 
in immediate connection with radioscopy. 
Acta radiol., 1941, 22, 383-3986. 


The author describes and illustrates an ap- 
paratus for taking roentgenograms in immedi- 
ate connection with screen examination of the 
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duodenum.4n this way no changes take place in 
the condition of the organ between the time of 
the fluoroscopic examination and the making of 
the permanent record. It is so arranged that it 
can be switched from the screening side to the 
exposure side by the nurse at a given signal 
from the doctor. Many similar devices have 
been used before but the author thinks his is 
simpler, lighter and less expensive than most of 
those in use heretofore.— Audrey G. Morgan. 


CLARK, K. C., and Pourssow, K. T. Further ex- 
periments in x-ray screen photography (1011 
subjects with control direct radiographs). 
Brit. J. Radiol., July, 1941, 74, 250-254. 


Miniature screen photography and compara- 
tive direct roentgenography was carried out in 
I,011 cases, 771 of the subjects being Norwe- 
gian seamen escaped from the Lofoten Islands in 
March, 1941; they were of outstanding phy- 
sique. The others were students, office workers, 
factory hands, etc. The details of the screen 
photography are discussed and a table given 
showing the findings in the 55 cases in which 
there were pathological conditions. 

Two physicians examined the miniatures and 
control direct roentgenograms. The less experi- 
enced of these found 11 discrepancies and the 
more experienced 10. The discrepancies found 
were of no clinical significance. Evidently if 
first-class technique is used screen photography 
very closely approximates if it does not equal 
the results of the usual direct method in dis- 
tinguishing the normal from the pathological. 
Definite active tuberculous lesions were found 
in 13 of the cases, including 2 of pleural effusion. 
None of these lesions were overlooked in the 
miniatures. Audrey G. Morgan. 


Hopes, Puitip J., and GrirrirH, Jonn Q. Ef- 
fect of roentgen irr&diation upon lymphatic 
flow in rats. Radiology, Aug., 1941, 37, 203% 
204. 


Rats were irradiated to determine whether 
roentgen irradiation has any effect on the flow 
of lymph. Two groups were treated—one with 
135 kv., 4 ma., 0.25 mm. copper plus I mm. 
aluminum filtration, 30 cm. target-skin dis- 
tance, total dose to skin 2,250 r (in air) given at 
one time in about forty minutes. Twenty-one to 
twenty-five days later thorotrast was injected 
into the dorsum of each foot. One hind leg of 
each rat had been irradiated while the other was 
used as a control. The other group was treated 
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with 200 kv., 20 ma., 0.75 mm. copper plus 2.0 
aluminum filter, 25 cm. target-skin distance, 
total dose 2,200 r in air delivered at one time 
in about twenty minutes. Injections of thoro- 
trast six weeks after irradiation. 

In neither group was there any appreciable 
interference with the flow of lymph. But much 
more experimentation is necessary before these 
results can be applied to human problems. Dit- 
ferent daily doses and a much wider range of 
time interval after irradiation must be used. 
Possibly colloid dye studies would be more ef- 
fective in determining the rate of lymph flow.- 
Audrey G. Morgan. 


GLUCKSMANN, A. Preliminary observations on 
the quantitative examination of human biopsy 
material taken from irradiated carcinomata. 
Brit. J. Radiol., June, 1941, 74, 137-198. 


The biological response of both normal and 
malignant cells to radiation has been studied 
quantitatively at the Strangeways Research 
Laboratory, Cambridge. In this paper a method 
is described by which the effects of radiation on 
living malignant cells in biopsy material is 
measured quantitatively. The method so far has 
been applied only to the primary growth in 
squamous and basal cell carcinomata. Biopsies 
were taken before treatment and at different in- 
tervals during and after treatment. They were 
cut at right angles to the surface of the tumor 
so as to include the growing edge and both ma- 
lignant and normal tissue. 

All the cells in selected young areas of tumor 
growth were counted and divided into four 
classes: dividing, degenerate, resting, and dif- 
ferentiating cells. Graphs are given showing the 
percentages of these different tvpes of cells at 
various times during and after the treatment. 
The resultant curves can be used somewhat as 
blood counts are used in? blood diseases for de- 
termining the response of the tumor to treat- 
ment. The effectiveness of the treatment can be 
judged by the quantitative differences in the 
different types of cells in counts made at the dif- 
ferent periods. The method is to be tested on a 
larger scale-—Audrey G. Morgan. 


SUGIURA, KANEMArsU. The effect of high and 
low body temperatures upon the growth of 
irradiated mouse sarcoma 180. Radiology, 
July, 1941, 37, 85-93. 

The author believed that the growth of 
mouse tumor might be affected by the body 
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temperature of the animals. The experiments 
which he performed in the attempt to settle this, 
question are described in detail and illustrated. 
Fever was brought about by the use of short 
and ultra-short radio waves, cold by keeping 
the animals in the refrigerator. Mous€ sarcoma 
180 was used for the experiments. 

When animals with tumors were irradiated 
with 200 kv. and then subjected to ultra-short 
radio waves until the rectal temperature was 
40° to 43° C. the number of tumor regressions 
was definitely increased. With doses of 1,000 r 
the regressions increased from $0 to 75 per cent. 

When the temperature at which the irra- 
diated mice was kept was reduced to —10° C. 
the animals all died within a few hours. When 
they were kept at temperatures of 3° to'z? C. 
they survived but the number of tumor regres- 
sions was decreased. With a dose of 100 r the de- 
crease was from $0 per cent to 27 per cent. 

A study was also made of the resistance of 
mouse sarcoma 180 to cold in vitro. Bits of tu- 
mor tissue were kept at — 70? C. for varying pe- 
riods and then inoculated into normal mice. The 
capacity of the tumors for growth was only 
shghtly inhibited by this procedure. The growth 
of the tumors was greatlv delaved for the first 
week but after that it was normal. It made no 
difference. whether the tumor fragments were 
kept for one hour or for seven days in the frozen 
state. The injurious action of the cold on the tu- 
mor cells was due to the initial rapid freezing 
and not to keeping them frozen for long periods. 

Audrey G. Morgan. 


DrENsrAD, TonrixN. Die Strahlensensibilitàt 
des Knochenmarks. (The radiosensitiveness 
of the bone marrow.) Acta radiol., 1941, 22, 
3477359. 

The animal experimentation which has been 
done on the effect of irradiation on the blood 
has not given uniform results and besides the 
findings cannot be applied to human pathology. 
The author has therefore studied the action of 
irradiation, both radium and roentgen, on the 
bone marrow in human subjects being treated 
for cancer. The roentgen treatment as a rule was 
given with hard rays—175 kv., 4 mą., 2 mm. 
copper and 3.5 mm. aluminum filter, 60 cm. dis- 
tance. Material for examination was obtained 
by puncture of the sternum. 

It was found that the red marrow is very sen- 
sitive to irradiation. Marked changes took place 
even after the small doses used in the treatment 


Vou. 49, No. 4 


of inflammation and arthrodesis. Both the 
e ‘erythropoietic and the myopoietic cells were af- 
fected, the most immature cells being the ones 
that disappeared quickest. The bone marrow 
showed,a very great capacity for regeneration. 
Even with the largest therapeutic doses there 
was almost complete anatomical regeneration 
after one to a few months. But the blood changes 
were more persistent. À marked leukopenia, 
chiefly lymphopenia, sometimes persisted for a 
year after treatment, though the general health 
was not affected. This leukopenia is doubtless 
due to the inhibiting action of the irradiation on 
myelopotests and lymphopoiesis. This inhibition 
is evidently due to a distant action of the rays 
ndoccurs whether the marrow is irradiated di- 
rectly or not. Total irradiation is probably the 
best palliative treatment for leukemia.— Audrey 
G. Morgan. 


FRIED, Cant. The roentgen treatment of experi- 
mental pneumonia in the guinea-pig. Radiol- 
0g); Aug., 1941, 37, 1977202. 

It has been found empirically that roentgen 
irradiation in pneumonia brings about decline 
of the fever, disappearance of dyspnea, general 
improvement and shortening of the course of 
the disease. 

The author experimented on the irradiation 
of artificial pneumonia in guinea pigs in an at- 
tempt to account for this improvement and to 
determine whether it could be counted on in all 
cases. The animals were infected by giving them 
an intratracheal injection of an emulsion of 
Staphylococcus aureus haemolyticus. Less than 
lethal doses were given so that the controls 
could be used for purposes of comparison. The 
irradiated animals showed the same clinical im- 
provement as human subjects. Macroscopically 
the lungs of the non-irradiated animals showed 
hepatization while those of the irradiated ani- 
mats were soft and normal in color and consist- 
ency. Histological examination showed infiltra- 
tion in the non-irradiated animals and normal 
alveoli in the irradiated ones. Obviously irradia- 
tion hinders the development of pneumonia and 
the earlier it is given after infection the better 
the results. 

The course of the experimental pneumonia in 
animals is fundamentally the same as that of 
postoperative pneumonia in man and the author 
concludes that the results of irradiation seen in 
human cases have not been due to chance but to 
the power of irradiation to limit inflammation 
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and influfhce the mechanism of healing.—u- 


drey G. Morgan. 


CHAMBERS, ROBERT, and CAMERON, GLADYS. 
The reaction of kidney tubules in tissue cul- 
ture to roentgen rays. Radiology, Aug., 1941, 
J^ 186—193. 

These experiments were made with a view to 
determining whether cells when physiologically 
active are more susceptible to the action of 
roentgen rays than when they are not. The tis- 
sue used was from the mesonephros of nine or 
ten day chick embryos grown in tissue culture. 


Experiment has shown that these tubules con- 


tinue to function in tissue cultures. The out- 
growth from the explant consists of wandering 
cells, fibroblasts and sheets of proliferating epi- 
thelium so that the cultures provide a method of 
studying epithelial tissue as organized tissue in 
the form of secreting tubules and as unorgan- 
ized tissue in the form of outgrowing sheets. 

It was found that organized secreting tubules 
and wandering cells were far more sensitive to 
the action of the rays than unorganized epithe- 
lial sheets. The distal tubules were found to be 
more radioresistant than the proximal tubules. 

Doses of 5,000 to 75,000 r were used. Large 
doses of 25,000 r were required to bring about 
definite effects within several days. _ 

The results of the experiments show that 
cellular activity is a factor in increasing the sus- 
ceptibility of cells to the destructive action of 
irradiation. The susceptibility of the tubules 
was increased when their secretory activity was 
stimulated by the addition of phenol red or 
magnesium sulphate to the medium. 

The renal cells are capable of recovering from 
the effects of sublethal doses of irradiation, as 
shown by the fact that if they are stimulated to 
secrete soon after irradiation they die, but if 
time is allowed for them to recuperate they can 
do the extra work required by the stimulatión 
without deterlorating.—//udrey G. Morgan. 


Hensuaw, Pau tS. The induction of multipolar. 
cell division with x-rays and its possible sig- 
nificance. Radiology, June, 1941, 36, 717—724. 


There is apparently a paradox in the fact that 
irradiation causes cell death and yet may also 
cause the unrestrained growth of cancer. 

When fertilization takes place the fertilized 
egg practically always divides into two equal 
blastomeres but if either of the gametes is ir- 
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radiated before fertilization takes plhice cleav- 
age takes place not into two blastomeres but 
into several. This multipolar cell division usu- 
ally causes early death of the cell progeny. 
There is as vet no record of multipolar division 
actually having caused tumor but it seems pos- 
sible that it may cause changes in hereditary 
substances which make malignant growth possi- 
ble. Experimental work has shown some inter- 
esting facts bearing on this problem. If young 
mice from a high-breast-cancer strain are foster- 
nursed by mother from a low-cancer strain few 
cancers will develop among them, but if the 
voung of low-cancer strains are nursed by 
mothers of high-cancer strains there will be 
many cancers. This indicates that there are two 
factors in the causation of cancer—one in the 
hereditary background and one in the milk. 
Possibly radiation acts as the stimulating factor 
that rouses into activity certain hereditary fac- 
tors capable of causing malignancy. Audrey 
G. Morgan. 


WESTERMARK, Nits. A study of the cardiac 
movements simultaneously recorded by roent- 
gen-cinematographv and electrocardiogra- 
phy. Acta radiol., 1941, 22, 393-403. 


The author describes experiments made on 
sheep which show how complicated the move- 
ment of the heart is, not only during the active 
phase of systole but also during the passive 
phase of diastole. Five metallic indicators were 
inserted into the wall of the left ventricle and 
roentgen cinematography and electrocardiogra- 
phy carried out at the same time. By the method 
used, which is described, the records of the two 
methods of examination could be compared 
with an accuracy of 1/18 to 1/24 second. Dia- 
grams are given of the position of the indicators 
in the wall of the ventricleeand graphs show the 
paths of the indicators during the revolution of 
tHe heart. 

They show that the anterior part of the base 
of the ventricle makes a piston-like movement 
with the downward phase at the beginning of 
diastole and the upward movement during the 
end of systole. The anterior part of the base of 
the ventricle remains perfectly quiet during 
diastole. Apparently, therefore, a contraction of 
the rest of the wall of the ventricte has taken 
place during systole. Except for a tendency of 
the wall of the ventricle to approach the base of 
the heart, no contractile movement of this kind 
could be demonstrated definitely on the out- 
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lines of the wall of the ventricle. These outlines 


seemed to describe a pendulum-like and rota-* e 


tory movement caused by the movements of the 
whole heart. dudrey G. Morgan. 
e 
Tay or, Lauriston S. New x-ray laboratory ot 
the National Bureau of Standards. Radiology, 

July, 1941, 57, 79-84. 

During the past ten years the voltage of roent- 
gen treatment apparatus has been increased 
from 200 kv. to about 1,000 kv. The problem of 
the establishment of suitable standards for such 
voltages has been turned over to the Bureau of 
Standards and a laboratory has been built for 
this purpose at a cost of about half a million dol- 
lars. This laboratory and its equipment is* de-* 
scribed in detail and a floor plan of the first floor 
and roentgen-ray laboratory given. The space is 
divided about equally between the roentgen-ray 
section and the high-voltage measurements sec- 
tion. The building is five stories in height. At 
the time this article was written the installation 
of the 1,000 kv. equipment had been completed 
and the equipment was in operation. The 400 
kv. equipment on the second floor had just been 
completed and standardization work was to be 
begun.—-dudrey G. Morgan. 


CassEN, BENEDICT. Some recent contributions 
of physics and engineering research to radiol- 
ogy. Radiology, Sept., 1941, 37, 338-342. 


The author pays tribute to the great value of 
the work of physicists and engineers in the prog- 
ress of radiology. He discusses a number of re- 
cent contributions, among them ignition timing, 
air cooling for therapy tubes, the polarized 
stereoscope, which makes it possible for a num- 
ber of observers to obtain stereoscopic vision of 
roentgenograms at the same time, and the sub- 
stitution for the old feathered copper-glass seals 
of Kovar-glass seals. The technical details of 
these discoveries are described and illustrated 
with diagrammatic drawings. They are all con- 
tributions to roentgenography except the air 
cooling of therapy tubes which is of value in 
treatment.—Audrey G. Morgan. ° 


STANFORD, Brian. A research into the physical 
factors concerned in indirect radiography. I. 
The optimum combination of film and fluo- 
rescing screen for use in indirect radiography. 
Brit. F. Radiol., April, 1941, 74, 128-135. 


Indirect roentgenography, or the photo- 
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graphing of the image made on the fluoroscopic 
*'screen, has not been very widely used practi- 
cally in England. The author therefore proposes 
to consider in a series of papers the various 
physica] factors involved in the process. In this 
paper he considers the effect on density of the 
image of different combinations of photographic 
emulsion and fluorescing screen. Eleven emul- 
sions and five screens were tested in all possible 
combinations with regard to their effect on den- 
sity, the other factors being kept constant. The 
technique of the experiments is described and 
tables given showing the details of the results. 
One table shows the results obtained for the 
three most effective screens and various emul- 
sions that can be obtained commercially. 


Of course under a different set of conditions - 


with regard to the roentgen-ray beam these 
findings might be changed.—/udrey G. Morgan. 


STANFORD, Brian, A research into the physical 
factors concerned in indirect radiography. 
III. A simple method of detecting experi- 
mentally the presence of the phenomenon of 
latent image reinforcement in a fluorescing 
screen. Brit. Y. Radiol., June, 1941, 74, 213- 
214. 


With some fluorescing screens a subject pre- 
viously recorded may reappear when the screen 
is used again, appearing as a ghost image that 
confuses the clarity of the second image. This is 
permissible to some extent in recording screens 
as the phenomenon persists for only a short time 
and they are rarely used twice at such short in- 
tervals. But in mass roentgenography the image 
on the screen may be changed every few seconds 
and so such reinforcement is not permissible. 

A simple method of testing a screen for this 
phenomenon is described. Exposure 1s made on 
the screen of a steep roentgen-ray step-wedge, 
which is then rotated for 90° and a second ex- 
posure made. If there is no latent image rein- 
forcement, only the second image will appear on 
the screen. Screen G 231 was tested in this way 
and found free of the phenomenon.—/Z/udrey G. 
Morgan. * 


STANFORD, Brian. A research into the physical 
factors concerned in indirect radiography. 
IV. The quantitative estimation of the ac- 
tinic value of the afterglow of a fluorescing 
screen. Brit. 7. Radiol., July, 1941, 74, 244- 
246. 
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The defails of an experiment performed to 
make a quantitative determination of the ac- 
tinic value of the afterglow of a fluorescing 
screen are described. A G 231 200-mesh screen 
was used. The screen was activated regularly 
every ten seconds for a tenth of a second at 80 
kv., 100 ma., 2 ft., 3 in. tube-screen distance. 
Under these conditions the useful actinic emis- 
sion becomes negligible about two seconds after 
activation is discontinued. If a screen is used 
that has an afterglow a simple shutter should be 
used in the camera. If the viewing screen has no 
detectable visual afterglow it may be assumed - 
to have no actinic afterglow and in that case a 
shutter is not necessary.— Audrey G. Morgan. 


STANFORD, Brian. A research into the physical 
factors concerned in indirect radiography. V. 
The effect on luminous output of variation of 
crystal size of the fluorescing material. Brit. 
7. Radiol., Sept., 1941, 74, 304-306. 


The fluorescence of fluorescent screens is 
often accompanied by  phosphorescence in 
which the emission of luminous energy persists 
after the exciting radiation has stopped. This is 
very undesirable as in viewing screens it leaves 
the trace of moving organs on the screen and 
blurs the image. On recording screens the im- 
prints of former exposures are left superimposed 
on more recent ones. 

This article describes tests made to see to 
what extent variations of the mesh size, that is 
the size of the crystals constituting the salt 
coating, would affect the intensity of the light 
emitted by the screen. Five screens were tested 
which were specially prepared from two salt 
mixtures; three from salt G 231 passed through 
sieves of 120, 200 and 220 mesh and two from 
salt Y-S passed through sieves of 120 and 200 
mesh. The variations in mesh size had no effect 
on the luminosity of salt Y-S. Mesh 200 was 
optimum for salt G 231, while 220 was about to 
per cent slower than this and 120 about 30 per 
cent slower. Increased kilovoltage resulted in 
proportional increase in luminosity on both 
screens to an equal degree throughout the range 
tested. The fluorazure salt, ordinarily used as a 
recording screen, shows an optimum response at 
65 kilovolts—Audrey G. Morgan. 

e 


WiLLIAMS, Marvin M. D. The effect of shock- 
proof cables and condensers on two-valve 
half-wave rectification. Radiology, July, 1941, 
37, 94-101. 
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Changes in the equipment for roentgen ther- 
apy in the past few years have given an oppor- 
tunity to compare the quantity and quality of 
radiation produced by several types of rectify- 
ing circuits and particularly for determining the 
effect of shock-proof cables and condensers on 
two-valve half-wave rectification. 

A series of oscillographic tracings is given for 
different milliamperes at several peak voltages, 
showing the effect of the capacity of shockproof 
cables and condensers on the voltage waveform 
from a two-valve half-wave rectifier. These dif- 
ferent voltage wave forms cause changes in the 
intensity and quality of the radiation. A change 
of more than 100 per cent in the number of 
roentgens per minute per milliampere, as well 
as changes in the quality of the radiation may 
be brought about by shockproof cables, the 
presence or absence of other condensers and dif- 
ferent tube currents.—Audrey G. Morgan. 


JaAcoss, Lewis G. The accuracy of focal spot 
size determination: some theoretical and 
practical considerations. Radiology, Aug., 
1941, 37, 214-220. 

The author gives mathematical formulae for 
estimating the effective projected focal spot dis- 
tance for clinical use without further correction, 
provided the tube is centered between two pin- 
holes with its principal axis perpendicular to the 
line connecting the pinholes and provided the 
target-pinhole distance is large both absolutely 
and in proportion to the distance between the 
pinholes. As the measurement of the shadows 
on the film is subject to quite a large error it 1s 
best to use the average of at least ten different 
measurements for the values both of shadow 
size and of the distance between the shadows. 
The method is not accurate to more than § per 
cent though it is possible that its accuracy 
might be improved by special camera construc- 
tion, especially if extra fine grain film and ex- 
tremely small pinholes were used to decrease 
the penumbra.— Audrey G. Morgan. 


GLASSER, Orro. The evolution of dosimeters in 
roentgen ray therapy. Radiology, Aug., 1941, 
37, 221-227. 


The older methods of roentgen tlosimetry are 
described. In 1925 a Committee on Standardi- 
zation of Measurement of Radiation was formed 
by the Radiological Society of North America. 
It was made up of radiologists and physicists as 
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the importance of collaboration between these 
two groups was realized. l 

Roentgenologists are interested primarily in 
the average quality of the roentgen-ray beam 
used in treatment and its distribution 1@ the tis- 
sues. Therefore they prefer some way of speci- 
fying quality according to absorption values, 
Total absorption curves in any absorbing me- 
dium can be made easily with modern ioniza- 
tion dosimeters, and those of constant potential 
apparatus have a close relationship to the spec- 
tral distribution of the radiation. Taylor in 1938 
developed standard absorption curves to be 
used as practical ""qualimeters." Absorption co- 
efficients, effective wave lengths, average wave 
lengths and half-value layers can be dewived 
easily from such absorption measurements. The 
preferred way of expressing quality is according 
to half-value layer.— Audrey G. Morgan. 


Meyer, Wittiam H. Depth dose calculation 
wherein absorption in unit volume in the 
depth, i.e., volume depth dose, is the index of 
effective radiation. Radiology, Oct., 1941, 57, 
476-486. 

The author maintains that the r dose, usually 
taken as the unit of dosage, varies with the volt- 
age or filtration used, with the size of the field, 
the focal distance and the r per minute of appli- 
cation of the dose. The important thing is to 
bring about maximum absorption at the site of 
the lesion. He presents the scale of a depth dosim- 
eter that he has worked out on the basis of 
many years' experience in the use of radiation 
therapy. It allows for the variable factors and 
permits of a rapid determination of depth dos- 
age.—4udrey G. Morgan 


Lamerton, L. F. Physical investigations with 
140 kVp radiation. Brit. J. radiol., June, 
I94I, 74, 199-205. E 
Physical examinations have been made of low 

voltage radiation, up to 60 kv. and in the higher 

ranges from 180 kv. up. But very little work hes 
been done on the intermediate ragge which is 
known as that of middle distance therapy. The 

author describes measurements made at 140 

kv. (peak) using a Victor middle distance set. 

Absorption measurements were made in cop- 

per, using a Victoreen condenser dosimeter. 

The tube filters used were 0.25 mm. copper and 

0.10 mm. copper. The half-value layers and 

equivalent wave lengths with these filters are 
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given and the absorption curve shown. Meas- 
‘urements of the variation of depth dose with 
variations in filtration showed that o.25 mm. 
copper was a good filter for use in treatment. 
The vagation of percentage backscatter with 
variations in the size of field was measured. 
Central axis depth dose curves for different field 
sizes and with focus-skin distances of 15.5, 20 
and 25 cm. are given, as well as some complete 
isodose curves. Measurements of the stray ra- 
diation near the tube are also described.—Au- 
drey G. Morgan. 


REINHARD, M. C., and Gotrz, H. L. Note on 

the distribution of surface radiation from a 
e mellion-volt generator. Radiology, Sept., 1941, 

4/3345 337- 

The million-volt roentgen-ray generator of 
the type installed at the State Institute for the 
Study of Malignant Disease at Buffalo in June, 
1940, has two beams, one transmitted and one 
reflected. The target is placed at an angle of 45° 
to the long axis of the tube which results in a 
differential filtration of the radiation of the 
transmitted beam, with a consequent asymme- 
try of intensity. This asymmetry can be cor- 
rected by the introduction of wedge-shaped 
filters of copper or lead. These are simple and 
easily made and can be changed if necessary. 
Audrey G. Morgan. 





Funt, H. T., and Witson, C. W. The homoge- 
neity of dosage distribution in radiation 
teletherapy. Brit. 7. Radiol., Sept., 1941, 74, 
300-303. 


In securing homogeneity of irradiation in the 
treatment of tumors with radium the method 
should be to provide some form of framework 
with the irradiation portals and central direc- 
tions indicated. The field within the framework 
is then known and the patient must be placed 
so that the lesion lies in the most suitable part 
of the field. The principle is to place the patient 
within the field, not to form the field within the 
patient. 

Such a framework or jig, designed for the 
treatment of tumors of the larynx is illustrated 
and a diagram given of the distribution of ra- 
diation resulting from three teleradium fields 
fixed to the jig. This arrangement provides for 
homogeneity of distribution of the radiation 
and ensures that all the diseased tissue is given 
adequate treatment.— Audrey G. Morgan. 
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CLARKSON’ J. R. A note on depth doses in fields 
of iegulst shape. Brit. J. Radiol., Aug., 
1941, 74, 265-268. 


Depth doses have been worked out quite ac- 
curately for circular or square fields. But occa- 
sionally very irregularly shaped fields are used 
in treatment. A method of calculation is given 
for percentage dose rates at any point within a 
volume of tissue which is irradiated from a beam 
of roentgen or radium rays, no matter what the 
shape of the field. Results of the calculation of 
central axis depth doses for rectangular fields 
are also given. Tables and graphs show the de- 
tails of the results—Audrey G. Morgan. 


MavNEORD, W. V., and Lamerton, L. F. A 
survey of depth dose data. Brit. F. Radiol., 
Aug., 1941, 74, 255-264. 


In working out the depth dose tables that are 
given at the end of this article, the authors sur- 
veyed the results of a number of other workers. 
These are apt to be more reliable than individ- 
ual measurements made with inadequate appa- 
ratus. They concluded that sufficiently accurate 
tables could be drawn up not only for the 200 
kv. region but also for the higher regions up to 1 
million volts. The mathematical equations used 
in working out their results are given and the 
graphs showing the details of the results. The 
three most important factors considered were 
the focal-skin distance, the quality of the radia- 
tion and the area of the field. The tables give 
the percentage depth dose for qualities of radia- 
tion from 1.0 to §.o mm. copper half-value layer 
at depths up to 20 cm. for fields up to 400 sq. 
cm. in area and with focal-skin distances from 
40 to 100 cm. A less comprehensive study has 
been made of radiation up to 17 mm. copper 
half-value layer and the results are shown in 
curves and tables. Tte mean values of percent- 
age surface backscatter have been determined 
from the literature for fields up to 400 sq. cm. 
in area and for qualities up to 14 mm. copper 
half-value layer. A discussion is also given of the 
variations in half-value layer with variations in 
conditions of radiation.— Audrey G. Morgan. 


Happey, F. The integration of radiation dosage 
and the absorption of energy in tissue for X 
and gamma radiation. Brit. Y. Radiol., July, 
1941, 74, 235— 241. 

At the Sheffield Radium Center the general 
plan is to give a uniform tumor dose of between 
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4,000 and 6,000 r. In deep-seated lesions a mul- 
tiple field technique must be used to accomplish 
this and as a result much radiation is absorbed 
not by the tumor but by the normal tissues. 
The determination of this absorption is of great 
clinical importance. The methods of calculation 
for determining it at the Shefheld Radium In- 
stitute are given as well as curves and tables 
showing the details of the results. The calcula- 
tions are made for 200 kv. radiation with a filter 
of 1 mm. copper and 1 mm. aluminum and frac- 
tional integrated dosage curves are given for 
these conditions. Corrections must be made for 
fields larger than 150 sq. cm. 

The graphs given presuppose that all radia- 
tion is absorbed and the formulae given are not 
applicable to glancing fields, for which adjust- 
ments must be made.— Audrey G. Morgan. 


Tinc, T. P. A simple calculator for roent- 
genographic mensuration. Radiology, Aug., 
I94I, 37, 208-213. 

The author from the Department of Radiol- 
ogy, Peiping Union Medical College, reports a 
calculator for measuring the size of head or pel- 
vis that is simple, accurate and inexpensive. It 
determines the object size (X) when the target- 
film distance (77), the object-film distance (ZL) 
and the size of the image (2) are known. The 
calculator is essentially a chart consisting of 
two superimposed plots; one is rectangular, 
dealing with the relationship of the target-film 
distance H and the object-film distance L, while 
the other is a polar graph of the object size, X, 
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on a family of circular arcs indicating the vari- 
ous sizes of the image a. Actually the circular 
plot is replaced by a movable radial member 
which is pivoted on one end to the polar origin. 
A half-size reproduction of the chart gs given. 
The mathematical formulae used in construct- 
ing the chart are also given. 

To use it, first find the point where the target- 
film distance used intersects the object-film dis- 
tance measured. Swing the radial member which 
Is pivoted on one end to the origin, until its 
lower edge coincides with the point of intersec- 
tion. Then on this radial member mark a point 
corresponding to the size of the image meas- 
ured. Finally, by noting the curve on the chart 
which meets this point on the radial membeg 
and tracing it downward until it intercepts the 
horizontal axis the size of the object is obtained 
from the appended table. The table also gives 
the volume of a sphere corresponding to given 
measurements of diameter or circumference.— 
Audrey G. Morgan. 


ManiNELLI, L. D. Milliammeters at ground po- 
tential in x-ray tube circuits. Radiology, 
Sept., 1941, 37, 331-334- 


In modern roentgen-ray equipment the mil- 
liammeter is usually at ground potential. But 
this has been brought about in two old roent- 
gen-ray machines without making any expensive 
modifications. The two types of machine and 
the methods used to bring about the desired 
change are described and illustrated with dia- 
grammatic drawings.—dudrey G. Morgan. 
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A CRITICAL 


ANALYSIS OF THE ROENTGEN SIGNS 
OF INFANTILE SCURVY* 


By RALPH S. BROMER, M.D. 
Bryn Mawr Hospital 


BRYN MAWR, PENNSYLVANIA 


[^ THE years which have passed since 
the discovery of the roentgen rays, 
diagnostic roentgenology has broadened to 
include many diseases. This is especially 
true in those pathological conditions affect- 
ing the skeleton in infants and children. It 
is well to review occasionally in critical 
fashion the accumulated diagnostic criteria 
in the literature of a subject and to retain 
that which withstands close and studious 
scrutiny and reject premises and conclu- 
sions found to be untenable in the light of 
clinical experience and investigative results. 
With this intent I have chosen to review, 
briely, the roentgen signs of infantile 
scurvy. It is now fifteen years since I first 
reported the study of a series of 56 cases of 
this condition in a paper presented before 
thts Society.! I attempted then to enumer- 
ate the roentgen signs of infantile scurvy 
and to arrange them in sequence so that 
four stages would show the progress of the 
disease a» demonstrated in the roentgeno- 
gram. This was done with the purpose in 
mind of making the diagnosis less difficult 
for the roentgenologist and to lay emphasis 
on the diagnosis in early stages before the 


* Presidential Address delivered at the opening of the Forty- 
third Annual Meeting, American Roentgen Ray Society, Chicago, 
Ill., Sept. 15-18, 1942. 


subperiosteal hemorrhages could be demon- 
strated. 

The four stages described were, briefly, 
as follows: 

First Stage. In the roentgenogram the 
changes present the smooth, transparent, 
sround glass appearance of the shafts, 
especially near the ends of the diaphyses; 
the dense zone of temporary calcification 
at the end of the diaphysis; the thinning 
of the cortex, sometimes called the “pencil 
point atrophy” and the dense ring about 
the epiphyseal center with the ground glass 
appearance of the cortex within it, similar 
to that shown in the diaphysis. 

Second Stage. In this stage the zone of 
decreased density appears behind the zone 
of temporary calcification caused by the 
framework marrow zone, or the Trümmer- 
feldzone, or the scurvy zone, as it has been 
variously designated. In addition to this 
the first roentgenographic sign of hemor- 
rhage beneath the periosteum may appear 
as shown by the formation of lateral spurs 
which project usually at right angles to the 
extremity of the diaphysis on either the 
outer or inner sides in the anteroposterior 
view. 

Third Stage. Well developed subperios- 
teal hemorrhages are shown in this stage 
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with the density of beginning calcification 
within them. The so-called epiphyseal sepa- 
rations occur most often in this stage. 
Barlow pointed out that these lesions 
should not be regarded as true separations 
of the epiphysis since the line of cleavage 
is not at the diaphyso-epiphyseal junction 
but involves the very limit of the diaphys- 
eal extremity and they actually are infrac- 
tions or fractures of the shaft. 

Fourth Stage. In this stage the repair of 
the scorbutic lesions with absorption of the 
subperiosteal hemorrhages takes place. 
Progressive decrease in the breadth and 
length of the hemorrhages can be seen if 
serial examinations of the patients are 
made. But the roentgen signs of hemor- 
rhage as shown by periosteal thickening 
can persist long after the clinical signs have 
abated and healing has begun. Other signs 
of healing are intensification of the zones of 
temporary calcification, gradual disappear- 
ance of the zones of rarefaction and increase 
in width of the dense ring surrounding the 
epiphyseal center. Some observers believe 
that the central area of ground glass texture 
remains stationary while the surrounding 
ring or zone becomes denser and broader 
as the epiphyseal centers increase coinci- 
dentally with. the normal growth of the 
child's extremities. This small central area 
may persist for several vears. 

The fact was emphasized that if therapy 
is begun before subperiosteal hemorrhages 
are demonstrated in the roentgenograms 
the progression is from the two early stages 
to the final or healing stage without the oc- 
currence of the third. 

* Does further experience and investiga- 
tion as reported in the literature confirm 
such a classification into stages or is it un- 
warranted? Are the signs, enumerated as 
early signs, to be regarded as actual early 
signs of the disease as measured by the time 
of clinical recognition and diagnosis? 

Dempster? in his small volume entitled 
"Medical Writing" quotes Graham Wallas 
who wrote of what he calls the intellectual 
stages of any creative written work, namely, 
preparation, incubation, illumination and 
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verification of the final result. With the ` 
employment of longer periods of prepara: ' 
tion and incubation many writers would be 
prevented from arriving at erroneous con- 
clusions. However, those who presént their 
subjects, not too dogmatically, and who, 
have made all available attempts at vert- 
fication of their conclusions may be par- ' 
doned if later investigation and research 
proves them to be incorrect. Had the 
periods of incubation and preparation of 
my paper been longer I would, perforce, 
have had to take into consideration a case 
which occurred soon after the publication 
of the article. A patient who was stuftlied 
by serial roentgenograms developed a sub- 
periosteal hemorrhage in the femur. Clini- 
cally, the diagnosis was confirmed by the 
usual signs and symptoms. At no time did 
the roentgenograms reveal any of the 
changes which I had described as occurring 
in the prehemorrhagic stages. To have this 
occur within several months after publica- 
tion of the paper was, to say the least, 
disconcerting (Fig. 1). 

Caffey? in 1941 stated that in human 
scurvy the deficiency of vitamin C is rarely 
complete or continuous but there is more 
frequently a series of fluctuating remissions 
and relapses that produce synchronous ac- 
tive and healing lesions in the bones. For 
this reason he believes the skeletal changes 
cannot be satisfactorily classified into pro- 
gressive stages from early onset to complete 
healing. This might explain the roentgen 
findings in the case just quoted. Sufficient 
vitamin had been given to obscure the 
usual signs of scorbutic atrophy but not 
sufficient to prevent the formation of a sfib- 
periosteal hemorrhage. 

In 1935 Kato* published an excellent 
critique of the roentgen signs of infantife 
scurvy and emphasized the fact*that none 
of these signs is pathognomonic except the 
subperiosteal hemorrhages. It is, of course, 
well known that the increased density of 
the zone of temporary calcification is found 
in congenital syphilis, in healed rickets, in 
poisoning by lead and other heavy metals. 
Zones of lessened density appearing behind 
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Fic. 1. Subperiosteal hemorrhage in the femur. No other roentgen signs of infantile scurvy are shown. 


the zones of temporary calcification 
found in congenital syphilis and in the bone 
changes of leukemia. The ring about the 


are 


epiphyseal center can be found in cases of 


residual palsy following anterior poliomye- 
litis or bone atrophy due to other 
Lateral spur formation can be found oc- 
casionally in rickets uncomplicated by 
scurvy, and epiphyseal separations occur in 
congenital syphilis. It cannot be 
strongly emphasized that the roentgen ap- 
pearance of the atrophy caused by scurvy 
is a composite one and that the diagnosis 
is based on the signs considered collectively. 
Other causes of bone atrophy must be elimi- 
nated by differential diagnostic methods 
such as the history and clinical laboratory 
examinations. 

In 1935, Park and his associates? pub 
lished in the Sir Thomas Barlow Birthday 
number of the Archives of Diseases in Child- 
hood a most voluminous and exhaustive 
study of the early bone changes in infantile 
scurvy. The early roentgen signs were de- 
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scribed and were detected in the lower ends 
of the diaphyses of the radius, ulna and 
tibia and in the upper end of the humerus. 
In the knee joint, the distal end of the fe- 
mur only showed the lesions when the 
scorbutic process was well advanced. The 
upper end of the diaphysis of the tibia also 
showed changes but it was not as valuable 
a site for their demonstration as the distal 
ends of the ulna and radius. In the roent- 
genogram the changes were the slightest 
fuzziness of the cortex at the distal outer 
border of the diaphysis with the slightést 
rarefaction of the neighboring cancellous 
tissue. The cortex was so thin in some cases 
as to be altogether lacking. When the lesion 
was further developed, the defect became 
more definite. It then assumed the form of 
a cleft or crevice just behind the distal 
border of the diaphysis. In some cases this 
crevice was so slight that it almost escaped 
notice. In others it extended a short dis- 
tance into the substance of the bone or half 
way across, or it had the appearance in 
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Slight rarefaction 
distal border of the diaphyses of the radius and 
ulna illustrating the sign described by Park et al., 
the so-called '' 


corner sign.” 


some instances of having been torn awav 
from the shaft of the bone itself. Sometimes 
instead of a cleft, the outer corner of the 
distal, lower border of the diaphysis showed 
a triangular area of rarefaction. In others, 
this corner appeared rounded and was 
thrust bevond the outer end of the distal 
extremity and was greatly rarefied. Park 
called this sign “bagging.” Others in refer- 
ring to it have termed it the "corner sign." 
The underlying pathological changes caus- 
ing the findings in the roentgenograms are 
very completely described in the article by 
Park and his associates (Fig. 2). 

In their conclusion they state that there 
are no early roentgen signs of scurvy. The 
slight roentgen changes described enable 
the diagnosis to be made by rpentgen ex- 
amination of the skeleton somewhat earlier 
than previously. The scorbutic deformity 
of the ribs is useful as a means of recogni- 
tion of the disease when fully developed. 
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The chief reliance, however, must still be on 


^ . * 
symptoms and, of these, pain and tender- 


ness in the legs are the most important. 
In their discussion of the 
scurvy, Park eż al. stated that grourfd glass 


early signs of 


rarefaction of the shaft 1s not indicative > e off 


an early stage of the disease and emphae 
sized the fact that it is not pathognomonic 
as it occurs in atrophy due to other causes 
than scurvy. The cortex does become thin 
and the bone does present a ground glass 
appearance but, they state, the bone inter- 
vening between the cortical shadows in the 


roentgenogram does not have a ground 


glass texture if it has reached an advarfcede 


stage of development. The ground glass 
quality is caused by an increased porosity 
of the cortex and the increased porosity is 
the result of absorption of the walls of the 
tunnels in the cortex. 

This paper by Park and his associates 
necessitates a revision of the signs. The 
"corner sign” is one of the early if not the 
earliest roentgenographic sign. Shall the 
other signs described as occurring in the 
first stage be discarded as early signs? In 
the series reported in my paper of 1928, the 
ground glass appearance 
the cortex and the other signs enumerated 
were found in 13 of the 56 cases in which a 
questionable clinical diagnosis had been 
made in 2; § had been diagnosed as scurvy; 
4 were sent for roentgen examination with 
diagnoses other than scurvy, and in 2 cases 
no record could be found of the diagnosis 
made before roentgenological examination. 
This indicates that even if the ground glass 
appearance and thinning of the cortex are 
not early signs, they nevertheless are useful 
in making a diagnosis of scorbutic atrophy 
previous to the roentgen recognition of sub- 
periosteal hemorrhages and even before the 
clinical diagnosis is possible. It mmy be wise, 
in view of Park’s work, to make no attempt 
to divide the prehemorr hagic stage Into two 
roentgenographic stages. However, in the 
analysis of the cases of the 1928 series, 
Pelkan’s® contention was borne out that 
when the zone of rarefaction ge in the 


roentgenogram the disease is so far de- 


and thinning of 
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„veloped that clinical recognition is easy. If 
the “corner sign" is not always found, it 
may be due to the lack of sufficiently early 
examination. 

The Sncreased interest and the education 

f the laity in vitamin deficiency and more 
humerous Child Welfare and Health Clinics 
have tended to reduce the incidence of in- 
fantile scurvy. However, for numerous 
reasons a child may refuse his orange juice 
or the administration of vitamin C in other 
forms and the deficiency of the vitamin 
may be incomplete or not continuous. It 
may well be that the majority of patients 
*suftering from infantile scurvy either now 
or in the future will conform to the type as 
stated by Caffey. Granted that there are or 
will be few cases which progress to sub- 
periosteal hemorrhages by a continuous 
lack of vitamin, is it not useful to know the 
appearance and the progression of the le- 
sions roentgenographically from the earliest 
detectable signs through the stage of sub- 
periosteal hemorrhage to the healing stage: 
Is it not advantageous to know the signs 
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of healing as it occurs before the hemor- 
rhages appear? It should be the aim of the 
roentgenologist to assist in making the 
diagnosis before their appearance. Knowing 
and recognizing the progression in the cases 
of continuous lack of vitamin, it will be less 
difficult for the roentgenologist to recognize 
the signs of healing and remission in those 
cases in which the lack is not continuous. 
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BOSTON, MASSACHUSETTS 


HERE are many factors to be consid- 

ered in determining the prognosis in 
cases of renal cancer, but experience has 
proved that no factor alone is of infallible 
aid. For this reason, anv variation in the 
usual pattern of renal tumors should be 
studied to determine whether it has a sig- 
nificant relationship to the prognosis of 
kidney tumors in general. One of the occa- 
sional variations in the pattern of these 
neoplasms is the occurrence of calcium in 
the tumor tissue. Although the literature 
abounds in articles dealing with calcifica- 
tion of the kidney in tuberculosis and other 
conditions of so-called metastatic calcifica- 
tion, comparatively little attention has 
been directed to the calcification of renal 
tumors. When reviewing our cases in an ef. 
fort to analvze factors of importance in 
prognosis, we noted an apparently unusual 
number of calcified deposits in the series. 
Since the majority of textbooks and mono- 
graphs on urology make little reference to 
this condition, it seems worth while to re- 
port in brief the results of an analvsis of 
these cases. 

Vor those interested in the physical, path- 
ological, and physiochemical aspects of 
calcification reference is made to the excel- 
lent studies of  Virchow,? Wells,?324 
Schmidt,? Barr,"*? and Albright.?? In 
brief review, however, itis known that cal- 
cification occurs in the human body as 
either a physiologic or a pathologic process. 
The former is a normal process concerned 
with the deposition of calcium salts in the 
development and formation of bone. The 
latter is an abnormal process in which cal- 
cium salts are deposited or precipitated in 
tissues or organs which do not ordinarily 
contain such deposits. 

Although advances are being made in the 
study of both physiologic and pathologic 
calcification, the exact physiochemical 


8 
changes involved in the deposition of E 
cium are not yet clearly understoodə 
Apparently the initial factor in pathological l 
calcification is a loss of local cellular activ- 
ity. This is followed by degenerative and 
retrogressive changes such as hyalinization, 
necrosis, and cyst formation. Thereafter, as 
Wells stated in 1911,” “The insoluble salts 
are laid down in a matrix especially pre- 
pared to receive them; in bone formation e 
the homogeneous acellular matrix of the car- 
tilage; in calcification some acellular necro- 
tic tissue, or more especially, homogeneous 
elastic fibers or hyaline degenerated con- 
nective tissue, each of these latter bearing 
marked structural resemblance to the hy- 
aline matrix of cartilage or osteoid tissue." 
But why calcium deposits should appear in 
one and not the other of two otherwise his- 
tologically similar tissues is still unsolved. 
Undoubtedly the amount of blood supply 
is important; with a free circulation there is 
no calcification; with too little circulation 
necrosis is followed by slow calcification or 
none at all. However, as believed by Wells 
and others, and as stated recently by Gold- 
stein and Abeshouse, “It is generally 
agreed that any dead or damaged tissue, 
infected or uninfected, so large or so 
situated that it cannot be absorbed, may 
become infiltrated with calcium salts... . 
The degree or extent of the calcification 
may be modified by general changes in cal- 
cium metabolism or in the amount of cal- 
cium in the blood or tissue fluids." Where 
calcification occurs in renal tumors, there is 
little or no evidence that the concentratior? 
of serum phosphatase or serum caécium and 
phosphorus plays any important róle in 
this abnormal calcium deposition. 

The appearance of calcium deposits in 
renal tumors is not mentioned in the early 
treatises on that subject by Albarran and 
Imbert! or by Garceau.” In 1901, Morris!® 


* From the Urological Clinic of the Peter Bent Brigham Hospital and the Laboratory for Surgical Research, Harvard Medical 
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CRA 





Fic. 2. Roentgenogram of large inoperable right 
hypernephroma in a male, aged fifty-two. Biopsy. 
Note diffuse calcification. 


Although these cases are not included in the 
mortality figures, it is interesting to note 
that the calcium deposits demonstrated 
roentgenologically in this group are similar 
to those seen in the verified cases of renal 
tumor. 

Of the 106 tumors verified by microscopic 
examination, 98 were malignant and 8 were 
benign. In the latter group were 6 adenomas 
of the renal parenchyma, 1 papilloma of the 
renal pelvis, and 1 leiomyoma of the renal 
pelvis. Only one of these, the leiomyoma, 
showed abnormal calcification. Of the 98 
malignant neoplasms, 85 were carcinomas 
of the renal parenchyma, 8 were tumors of 
the renal pelvis, and § were miscellaneous 
tumors, including 2 embryonal or Wilms’ 
tumors, I fibrosarcoma, 1 leiomvoliposar- 
coma and 1 lipofibrosarcoma. 

Calcium deposits in the tumor tissue 
were demonstrated bv roentgenologic and 
microscopic examination in 16 of the 98 
malignant cases, a percentage of 16.3. Of 
these 16 cases, 14 were carcinomas of the 
renal parenchyma, 1 was a papillary carci- 
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noma of the renal pelvis, and 1 was a leio-, , 
myoliposarcoma of the renal capsule. There 
were 12 males and 4 females in the group, 


with an average age of 53.5 years, the 
voungest being twenty-seven and the old, 


est sixty-seven years. The right kidney wa: 
the site of calcification in 5 instances, the 
left in 11 instances. Since many malignant 
tumors of the kidney cause no symptoms in 
the early stages of their growth, it is diff- 
cult to determine even approximately how 
long they have existed, although it is prob- 
able that they have been present for some 
time before manifesting themselves. In our 
group of cases with calcified tumors, ' the? 
average duration of symptoms varied be- 

tween five and eight months, the shortest 

interval between the onset of symptoms and 

operation being two weeks, the longest two 

vears. In contrast, the average duration of 

symptoms for cases with non-calcified ma- 

lignant tumors varied between ten and 

fourteen months. 

Studies before operation revealed no evi- 
dence of distant metastasis in any of these 
patients. The tumor mass, palpable in 12 of 
the 16, was easily movable in the majority. 
Except for 1, who showed the systemic ef. 
fects of necrosis and infection in the tumor, 
all were considered to be good operative 
risks. Nephrectomy was performed in 14 
cases, while 2 were subjected only to biopsy 
because of the extensive local invasion of 
the tumor found at exploration. No deaths 
occurred during the immediate postopera- 
tive period. 

The shadows of calcification in renal tu- 
mors, as seen in the roentgenograms, as- 
sumed various patterns and were not'in 
themselves distinctive. In the majority of 
cases, however, the involved kidney was en, 
larged or irregular. The calcified material 
could be demonstrated to lie in fhe area of 
the suspected mass and could be localized 
even more after the injection of a radi- 
opaque iodide solution. Some shadows 
showed a scattering of irregular, mottled 
deposits throughout the entire tumor, while 
others showed onlv several small spiculated 
deposits in either the central or peripheral 
portions. Sometimes the calcified material, 
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r described a case of alveolar carcinoma of 
which the renal capsule cut as if calcified in 
parts, but he ascribed no prognostic sig- 
ficance to this phenomenon. Quoting Rob- 

rt’s observation he stated that “A fibrous 

imor growing on the substance of the kid- 
ney may ossify and transform a large part 
of the organ into a bony mass." Although 
all authors describe the occurrence of car- 
tilage, and occasionally bone, in the mixed 
embryonal tumors of the kidney, Watson 
and Cunningham,” Kelly and Burnam,” 
and Young? make no reference to calcifica- 
tion in other tvpes of renal neoplasms. The 
“attention of the urologist and roentgenolo- 
gist was drawn to this interesting patholog- 
ical change in the more common renal 
cancers by Arkin? in 1926. He reported the 
first case of calcification in a hypernephroma 
in which an accurate diagnosis was made by 
roentgenographic study and confirmed by 
operation. Since that time, other reports of 
this phenomenon have appeared with 
greater frequency in the literature. These 
have been recently summarized by Gold- 
stein and Abeshouse. However, in spite of 
the increasing frequency of these reports in 
the literature, the recent textbooks of urol- 
ogy fail to review in detail this feature of 
kidney tumors. In discussing papillary 
carcinoma with clear cells, Ewing" states: 
“The gross structure is divided into many 
small cysts containing clear or brownish or 
bloody or gelatinous material. Areas of ne- 
crosis and hemorrhage may be frequent, 
and these may fuse, yielding large cystic 
cavities. There mav be considerable calcific 
deposits." Hinman" reproduces a roent- 
genogram showing calcium deposition in a 
tumor, and savs: “Occasionally renal tu- 
mors become diffusely calcifed and may 
give a characteristic X-ray picture." Mac- 
Kenzie,!? fn discussing the various types of 
benign adenomas in Cabot's "Modern Urol- 
ogy,” states that cystic changes may occur 
in these tumors and adds that "Calcareous 
changes are also relatively common.” Un- 
der the subject of hypernephroma, Keyes 
and Ferguson" sav: “The tumor usually 
remains quiescent from 45 to 60 years. It 
¿may then grow so slowly that a marked 
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Roentgenogram of encapsulated hyper- 


BiG. L 
nephroma with calcification in a female, aged 
sixty-two. Left nephrectomy. 


desmoplastic reaction is set up in the kidney 
about it, and this process may go on to com- 
plete calcification in the capsule of the 
tumor. We have seen such a tumor, the cap- 
sule of which was so hard as to require the 
use of a skull saw for its division." Eisen- 
drath and Rolnick! state: "One can see 
calcified areas in a hypernephroid tumor 
but so seldom does this occur that plain 
radiography in general may be said to be of 
little assistance in gnaking a diagnosis.” In 
the latest textbook of urology by Lowsley 
and Kirwin! no reference is made to tlfis 
subject. 

From April, 1913, to May, 1941, 131 tu- 
mors of the kidney were recorded in the 
files of the Peter Bent Brigham Hospital, 25 
of which were not verified by pathological 
examination. In this group of 25 there were 
3 which showed roentgenographic evidence 
of calcium shadows in the tumor. In each 
the symptoms were of at least two years’ 
duration, a mass was palpable in the flank, 
and death occurred as a result of the disease 
four to twelve months after examination. 
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was arranged in radial or circular strands, 
occasionallv in whorls. One case had strands 
of calcium deposited in a laminated pattern 
and confined to a quadrant of the apparent 
Dou of the tumor. When deposited in 


clusters, the shadows were of quite irregu- 


lar consistency. In two instances the cal- 
cium deposits closely resembled those seen 
in renal tuberculosis and were diagnosed as 
such when roentgenograms showed old tu- 
berculous lesions in. the lungs. However, 
further studv of the retrograde pvelograms 
showed no cavitation or ulceration of the 
calyces, and the clusters of calcium could be 
seen extending into the tumor area. Simi- 
larly, the calcified areas in the papillary 
carcinoma of the pelvis were at first mis- 
taken for pelvic calculi, but on closer ex- 
amination after pyelography, they ap- 
peared more irregular in shape and con- 
sistency than the usual calculi and were 
apparently scattered in strands throughout 
a mass which almost filed the pelvis. 
Braasch and Griffin? have pointed out that 
one must distinguish carefullv between the 
calcified shadows in renal tumors and those 
caused by lithiasis and tuberculosis. They 
state that "the absence of any clinical, 
cystoscopic, or urographic data suggestive 
of either lithiasis or tuberculosis usually 
would exclude these conditions." 

A rigid pathological classification of car- 
cinomas of the kidney parenchyma 1s 1m- 
possible because of the varied cellular pic- 
ture found in different portions of the same 
tumor. This fact would seem to substan- 
tiate the theory that the majority of these 
tumors are of renal origin. We have there- 
fore attempted to group our 14 calcified 
cases according to the predominant type of 
structure present. Thus, there were 9 car- 
cinomas of the so-called "hypernephroma" 
type, 2 Papillary adenocarcinomas, 1 tubu- 
lar or alveolar carcinoma, and 2 small cell 
carcinomas. Pathological sections of these 
tumors, as well as of those of the pelvis and 
capsule, showed multiple areas of hemor- 
rhage, necrosis, and cystic degeneration. 
The degenerative changes varied in degree, 
some being grossly visible on section, while 
others were microscopic in size. There were 
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Fic. 3. Roentgenogram of rapidly growing small cell 
carcinoma of right kidney in a male, aged twenty- 
seven. Right nephrectomy. Note diffuse calcifica- 
tion in tumor at upper pole. 


both recent and old areas of hemorrhage. 
Many sections showed replacement of 
these areas by fibrous tissue proliferation, 
collagen deposition, and hyalinization. Cal- 
cium was always deposited in or about 
these areas, in some instances apparently 
precipitated directly in the center of a mass 
of necrotic cells, but more often deposited 
in the interstices of the hyalinized fibrous 
tissue. Deposits were also found surround- 
ing small vessels adjacent to regions of ne- 
crosis and hemorrhage. These vessels were 
supported by an extremely delicate stroma, 
in which were cords of partially degener- 
ated tumor cells, and they frequently 
showed a marked proliferation of their 
endothelial lining and almost complete 
obliteration of their lumina. In one case 
cholesterel crystals were found in a small 
area of necrosis, while in another there was 
an abortive attempt at cartilage formation. 
In a third instance true bone formation was 
seen about the periphery of a large mass of 
necrotic material. Except in 2 cases where a 





Fic. 4. Roentgenogram of specimen of small cell 
carcinoma with calcification shown in Figure 3. 


coexisting acute and chronic pyelonephritis 
existed, there was little or no inflammatory 
reaction in the tumor tissue adjacent to re- 
gions of necrosis and calcification. 
Follow-up data were available on 13 of 
the 16 cases. Of this group, 2 patients, 1 
with hypernephroma and 1 with a papillary 
carcinoma of the pelvis, are living and well 
one and one-half and five years respectively 
after nephrectomy. Two patients, both of 
whom had clear cell carcinomas of the hv- 
pernephroma type, are alive one and two 
vears after nephrectomy, but both have 
muftiple metastases. Seven patients died of 
metastases within four to forty-eight 
months after operation. Five of these were 
subjected to nephrectomy, while 2 had 
merely an exploratory operation and biopsy. 
Two patients died of the complications of 
cardiovascular disease two and two and 
one-half years after nephrectomy but in 
neither instance was there any evidence of 
recurrent or metastatic tumor. Of the 3 pa- 
tients whose status is at present unknown 
(all of whom had tumors of the hyper- 
nephroma type) I was alive and well ap- 
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proximately one year after nephrectomy, 
while 2 were alive but had metastases 
within one and one-half years after opera- 
tion. Thus, if we include only the 13 cases of 
which we have follow-up data, the survival 
rate 1s 15.3 per cent. If we include the re- 


. . . . e 
maining 3 cases and assume that 1 is alive 


and 2 are dead, the survival rate rises to 
18.7 per cent. In contrast, the survival rate 
for the 82 cases of tumors without calcifica- 
tion averages between 28 and 33 per cent. 


COMMENT 


The occurrence of calcification in 16.3 
per cent of our malignant renal neoplasms 
would seem somewhat unusual were it not 
for the fact that others (Braasch and Grif- 
fin,® and Cahill and Melicow?) also report 
an incidence almost as high. Although cal- 
cification does occur in tumors of other or- 
gans of the body, notably in some tumors of 
the brain and in benign uterine leiomyo- 
mata, the calcified deposits in these in- 
stances are generally considered to be in- 
dicative of the slow growth and relatively 
benign character of the lesions. Benign 
tumors of the kidney, however, are com- 
paratively rare, and in our series only 1 
(12.5 per cent) of 8 benign lesions showed 
calcification. Comparing this figure with 
that of the malignant tumors, it is evident 





l'16. 5. Photomicrograph of hypernephroma removed 
from a male, aged fifty-six. This is the only case in 
which true bone formation was seen. Eosin and 
methylene blue stain. X 300. 
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d 
, that the appearance of calcification in the 
roentgenograms is no indication of the be- 
nign or malignant character of the tumor. 
As stated previouslv, experimental and 
clinical observation has shown that the 
athological deposition of lime salts is de- 
pendent upon loss of cellular activity, 
hemorrhage, necrosis, and hyalinization. 
Since malignant tumors of the kidnev are 
particularly prone to these degenerative 
changes, thev might be expected to show 
pathological calcification rather frequently. 
Although the rate of calcification is ex- 
tremely variable and not proportionate to 
“the degree of hemorrhage, it is of interest to 
note that in the cases having calcified tu- 
mors the duration of symptoms from the 
onset to the time of treatment was defi- 
nitely less than in those which had non-cal- 
cified tumors. On the other hand, the 
amount of calcium deposited in a given area 
is entirely independent of the extent of 
degeneration and appears to be governed 
by some factor or factors as yet undeter- 
mined. This feature of pathological calci- 
fication is well exemplified in the present 
series where as much or more calcium was 


found in tumors with minimal areas of 


necrosis as in those with larger areas. More- 
over, there seemed to be no direct relation 
between the degree of hemorrhage or necro- 
sis and the grade of malignancy as judged 





Fic. 6. Photomicrograph of hypernephroma removed 
from a male, aged sixty-two. Calcium deposited in 
strands. 
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Fic. 7. Photomicrograph. 


Same case as Figure 6, 
showing more scattered deposits of calcium than 
in the previous figure. 


bv the usual gross and microscopic criteria. 
Many of the non-calcified neoplasms which 
were considered comparatively benign by 
microscopic examination showed equallv 
as much hemorrhage and necrosis as others 
which were considered extremely malig- 
nant. Likewise, the size of the tumor ap- 
peared to have no direct bearing upon the 
extent of degeneration, the amount of cal- 
cification, or the degree of cellular activity, 
although in general the larger neoplasms 
showed more extensive necrosis than the 
smaller ones. 

While no accurate deductions as to the 
specific cause and significance of the calci- 
fication occurring in malignant renal tu- 
mors can be derwed from these observa- 
tions, the occurrence of this phenomenon 
may be of some prognostic importance. 
Braasch and Griffin’ noted roentgenograph- 
ic evidence of calcification in 7 cases and 
stated that 4 of these were alive at the end 
of five years. They feel that calcium deposi- 
tion in renal tumors is a favorable sign 
Goldstein and Abeshouse" hold a similar 
opinion. @ahill and Melicow,? on the other 
hand, consider the prognosis of tumors with 
calcification to be less encouraging than 
those without calcification. Thev reported 
I2 verified and 2 unverified cases of renal 
tumors with calcification, only 1 of whom 
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was alive without demonstrable metastases 
two years after operation. Our figures tend 
to substantiate their experience. In our 
series the survival rate of those with calci- 
fication is 15.3 per cent, while of those with- 
out calcification it is approximately 30 per 
cent. However, because of the statistical 
standard of error inherent in figures based 
on such a small number of cases, it must be 
said that this analysis precluded the possi- 
bility of drawing positive conclusions until 
further observations on this subject are re- 
ported by others. 


SUMMARY 


1. A review of 98 verified malignant tu- 
mors of the kidney has been made. Of this 
group, 16 tumors showed calcium deposits 
by both roentgenographic and pathologic 
examination. 

2. The significance of this phenomenon 
has been discussed. 

3. While the survival rate of those cases 
without calcification is approximately 30 
per cent, for those with calcification it is 
15.3 per cent. 

4. Although no positive conclusions as to 
the prognostic importance of this condition 
can be derived from the studv of such a 
small series, it appears that the prognosis 
of those cases with calcification is less fav- 
orable than of those without calcification. 
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JA ROENTGENOLOGIC EXAMINATION OF THE PHARYNX 
By SIEGFRIED W. WESTING, M.D. 


Roentgenologist, Brooklyn Cancer Institute* 






4 
N THE majority of cases a complete 
examination of the three portions of the 
pharynx, namely, the nasopharynx, the 
oropharynx, and the laryngo- or hypo- 
pharynx, can be made by the rhinolaryn- 
gologist without the help of roentgen pro- 
cedures. Yet there are numerous instances 
where a roentgenologic examination may 
be of material assistance. When the naso- 
pharynx is the seat of a malignant new 
growth the roentgenologist may have to 
determine whether or not extension into the 
adjacent bones (the base of the skull) 1s 
present. The oropharynx, although easily 
accessible to inspection and palpation, may 
be subjected to roentgen examination to 
great advantage, particularly in order to 
visualize the valleculae, the two important 
recesses in front of the base of the epiglottis. 
Regarding the hypopharynx the roentgen 
examination is able to add a good deal of 
confirmatory and contributory information 
to the rhinolaryngologic study. Here again 
the leading rôle is played by two recesses: 
the piriform sinuses which hang down from 
the two lateral aspects of the anterior sur- 
face of the hypopharynx and are adjacent 
to the sides of the larynx. If a hypopharyn- 
geal lesion is so large that the rhinolaryngo- 
logical instruments cannot pass it, the only 
means to determine its lower end is the 
roentgen study (see Cases 11 and v). This 
study at the same time reveals the condi- 
teon of the neighboring organs, for instance, 
the retropharyngeal tissues. Thus informa- 
tion is obtained roentgenologically which 


*cannot be acquired otherwise. 


The geader who wishes to familiarize 
himself with the roentgen study of the 
phar¥nx is referred to a number of recent 
publications.*^* Here he finds instructions 
about the roentgenoscopy, roentgenog- 
raphy and planigraphy (body section roent- 
genography) of the structure and function 
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of the pharynx in times of health and dis- 
ease. [n spite of the wealth of information 
thus available, the pharvnx does not uni- 
versally receive from the roentgenologist 
the amount of attention which appears 
warranted. 

Such neglect would be of less conse- 
quence if the contacts of the roentgenolo- 
gist with the pharynx were confined to 
cases referred to him by the rhinolaryn- 
gologist. Actually these contacts are much 
more numerous. Whenever the roentgenolo- 
gist is performing an opaque meal exami- 
nation of the alimentary tract, he has an 
opportunity to examine the lower half of 
the pharynx and it is this opportunity that 
is neglected quite frequently as illustrated 
by the fact that most reports about a so- 
called gastrointestinal series and most 
books on roentgen examination of the ali- 
mentary tract^?" start with a description 
of the esophagus instead of the lower 
pharynx which is really the first segment 
passed by the meal after it leaves the 
mouth. Two reasons seem to explain this 
subordinate position of the pharynx. 

First, the roentgenologist who sets out to 
examine the alimentary tract may take it 
for granted that in the absence of the sug- 
gestive symptom of difficulty in swallowing, 
the pharynx can be ruled out as the seat of 
affection. That this assumption is fallacious 
is exemplified byour Case irr, where ad- 
vanced pathological changes are present 
without characteristic symptoms. It is ob- 
vious that under such circumstances the 
roentgenologist may create a situation 
quite embarrassing to himself if he should 
happen to overlook and fail to report 1m- 
portant pathological changes which with 
correct technique and careful interpreta- 
tion could have been revealed. 

The second reason for the lack of atten- 
tion directed toward the pharynx is the 
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hic. 1. Posteroanterior view of a specimen of a normal tongue, larynx, lower half of pharynx and proximal 
end of trachea and of esophagus after fixation in formalin. Slightly stained with barium water mixture. 
Note the valleculae (somewhat flattened out as compared to condition during life); piriform sinuses, just 
inside of the lime containing laminae of the thyroid cartilage; air space of larynx and upper trachea, vocal 
cords in paralysis position, and mucosal pattern of upper esophagus. Visualization of this pattern is very 
rare, as during life food is evacuated from this segment exceedingly rapidly. 

Fic. 2. Posteroanterior view of the same specimen more completely filled. This picture illustrates the roent- 
genoscopic appearance of the barium stream in this area. During life in many instances the upper portion 
of the shadow solidly fills the space between the piriform sinuses. In other instances, as in our illustration, 
there is a defect in the middle part due to the backward bulge of the larynx. As the larynx rises during 
the act of swallowing the square shaped, non-filled area beneath the valleculae, visible in this illustration, 
does not exist during deglutition. The constriction of the uppermost centimeter of the esophagus is not 
evident in the specimen. 

ic. 3. Lateral view of the same specimen, almost completely filled. The valleculae are superimposed on one 
another. The piriform sinuses are superimposed on one another and very often on the main portion of the 
hypopharynx so that they are not visible as separate structures. However, turn to Figure 6 where the 
superimposed piriform sinuses are seen just in front of the main portion of the hypopharynx. It should be 
remembered that during rest the anterior esophageal wall is adjacent to the posterior wall. This fact 
accounts for the thread-like appearance of the non-expanded normal esophagus in the lateral view. 

ic. 4. Oblique view of the same specimen. 


short duration of the filling of the normal 
pharynx. It takes the food no longer than 
oree-eighth of a second to travel from the 
back of the tongue through the oro- and 
hvpopharynx and cervical portion of the 
esophagus to the level of the clavicles.! 
From there on the descent is much slower. 
Changing the patient's position from up- 
right to horizontal slows up the speed be- 
low the clavicles but has no effect above 
the clavicles. Even turning the subject on 
his head fails to retard the food in the 
uppermost segment of the alimentary 
tract.*? Therefore on almost all roentgeno- 


grams, provided they reach up high enough 
in the neck region, this upper segment is 
found either empty or filled by small 
streaks of barium. This being the case, the 
role of roentgenoscopy becomes more im- 
portant. The roentgenoscopist is likewis® 
handicapped by the exceedingly eransitory 
character of the filling of the pharynx and 
cervical esophagus. It is not possible to 
note accuratelv a visual impression in one- 
eighth of a second, if immediately. after- 
wards the entire attention is to be con- 
centrated on the important phenomena 
noticeable farther down as the first bolus 
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passes through the esophagus and cardia 
into the stomach. 
In order to make an adequate examina- 
tion of the pharynx and cervical esophagus, 
- one oht to make it a rule to return to this 
| e cin after he has finished the study of the 
*:tomach as it gradually expands under the 
, influence of increasing amounts of opaque 
mixture. It is really not before then that 
the roentgenologist is free to study the 
pharynx and cervical esophagus leisurely 
and without the fear that he may obscure 
important stomach findings by administer- 
ing the number of swallows necessary for 
e thé study of the upper pole of the ali- 
mentary tract. In detail, the roentgenos- 
copist proceeds in the following manner. 
After the shutter has been adjusted to 
oblong shape and fitted exactly over the 





e 

Fic. 5. Cage 1. Posteroanterior view. Constricting 
carcinoma of the esophagus just above clavicles 
proved by histopathological study of biopsy speci- 
men. The valleculae and piriform sinuses jare 
clearly they are structurally normal, 
proved by laryngoscopy and esophagoscopy. They 
are hypotonic and retain the food unduly long. 
Therefore a good opportunity to procure the 
picture of a structurally normal pharynx is af- 
forded. 


visible; 
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Fic. 6. Lateral view of the same case. Good demon- 
stration of the air filled oro- and hypopharynx 
with barium in the bases of valleculae and piriform 
sinuses. One side is superimposed upon the other. 
The trace of barium in the collapsed hypopharynx 
behind the barium filled bases of the piriform 
sinuses records the relation of these structures. A 
little farther down the esophagus is dilated due to 
the constricting carcinoma just above the clavicles. 


area of the lower pharvnx and cervical 
esophagus, the patient 1s asked to fill his 
mouth with contrast meal. His head is 
turned straight forward. The chin is raised 
half way. Less elevation of the chin would 
let the chin cover the pharynx, more eleva- 
tion would project the base of the skull into 
the field of examination. When the exam- 
iner has brought his eves to the level of 
the pharynx the patient is ordered to 
swallow. 

In normal cases the posteroanterior pro- 
jection of, the barium stream can be de- 
scribed as follows: In the beginning its 
width is determined by the distance of the 
lateral walls of the piriform sinuses. Right 
below this segment the esophagus starts. 
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F1G. 7. Case 11. Oblique view. Valleculae and piriform 
sinuses stand out distinctly. Extensive malignant 
neoplasm within lower half of esophagus leading 
to partial obstruction and moderate widening of 
the esophagus above the obstruction. The diag- 
nosis is based on the roentgenological and clinical 
evidence. No esophagoscopy could be done. Since 
I have not found an oblique view of the barium 
filled pharynx in the American literature, I deemed 
it advisable to include this case in spite of lack 
of laryngoscopic and histological proof. 


The lumen of its first centimeter is con- 
centrically narrowed to about three-fourths 
the width of the balance of the esophagus; 
from then on down the ordinary width of 
the esophagus is noted, The wide portion 
of the barium stream mav be thinned out 
of absent in and next to the midline due to 
the backward bulge of the larvnx. Figure 2 
conveys a fairly good idea of the barium as 
seen during the act of swallowing. The chief 
characteristic of this view is the completely 
symmetrical appearance of the barium 
stream. This feature renders the postero- 
anterior projection especially valuable be- 
cause of the possibility of comparing one 
side with the other. Even slight asym- 
metries may be of diagnostic significance. 
As soon as the bulk of the barium has left 
the pharynx, the region is scrutinized for 


owr” 


sinuses. 


Due to the small amount of barf4um ree 


^ 


N 


et 





Fic. 8. Case rir. Posteroanterior view. Filling of right 
vallecula and right piriform sinus very deficient 
and very irregularly outlined. Conclusion—ad- 
vanced malignant new growth of right half of base 
of oropharynx and of right half of hypopharynx. 
Six days later, on October 5, 1939, laryngoscopy 
revealed the following: In the glosso-epiglottic 
fold there is a red friable mass which has a granular 
appearance. Biopsy was done which proved on 
histopathological examination to be squamous 
cell carcinoma. This case had been transferred to 
the Brooklyn Cancer Institute from another hos- 
pital on September 21, 1939, on account of a non- 
tender swelling, size of a tangerine, posterior to the 
right sternocleidomastoid muscle. Biopsy of the 
mass had shown metastatic squamous cell card 
noma. Primary carcinoma was not kmpwn at time 
of transfer. The patient did not have any difficulty 
in swallowing. This case proves that the soentgen 
examination may precede the laryngoscopy and 
often is able to anticipate the laryngoscopic find- 
ings; sometimes it even can amplify the laryngo- 
scopic findings inasmuch as it shows how far down 
a lesion extends. In our case the affection of the 
right piriform sinus so clearly revealed by the 
roentgen examination is not mentioned in the 
laryngoscopic report. 
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residues. These residues in normal caseg™ire 
small and of short duration. They are 
located in the valleculae and piriform 


$ 


VoL. 49i No. 5 


gemed, roentgenograms of the pharynx, as 


a rule, are quite unimpressive. Therefore 
In preparing a set of normal roentgeno- 
grams for reference purposes, I found it 
practical to make use of the fact that in 
case of stricture lower down in the esopha- 


f $55 the amount and duration of these resi- 


dues are greatly increased and the resulting 
appearances are much more demonstrative. 
We are dealing with "exaggerated nor- 
mals," just as in excretion urographv a 
compression band over the sacral region 
prevents the contrast fluid from draining 
too rapidlv out of the renal calvces and 


epelwes and thus produces "exaggerated 


normals.” If one keeps in mind that the 
actual normals are of smaller size and 
shorter duration, the "exaggerated nor- 
mals" mav verv well serve as paradigms 
of the actual normals. Although these pic- 
tures are quite characteristic, it may hap- 
pen that the bizarre and torn appearance 
of the barium column in the upper segment 
of the alimentary tract confuses the less 
Initiated interpreter and prompts him to 
suspect pathological filling defects. Ex- 





Fic. 9. Case 1v. Posteroanterior view of a very ad- 


vanced lesion. Laryngoscopically friable mass in 
right piriform sinus. Histopathologically squamous 
cell carcinoma. 
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FiG. 10. Case v. Posteroanterior view. Filling defects 
of both piriform sinuses. The calcification in the 
laminae of the thyroid cartilage should not be 
mistaken for barium jin the piriform sinuses. 
Lateral view of the neck demonstrated tumor 
formation in the arytenoid region. The conclusion 
drawn from the roentgen examination was: large 
tumor in arytenoid region and piriform sinuses. 
Laryngoscopically—large mass in arytenoid region 
which obscures the posterior extremity of the 
vocal cords. Histopathological examination of 
biopsy specimen discloses squamous cell carci- 
noma. Again the two examinations supplement 
one another most satisfactorily. Roentgenolcgic 
examination determines the downward extent of 
the lesion better than the laryngoscopy. The fact 
that the lesion affects both piriform sinuses sym- 
metrically renders the interpretation more difh- 
cult. Carcinoma fr@quently affects larynx and 
hypopharynx simultaneously. Keeping the possi- 
bility of such an association in mind, the roent- 
genologist should always feel prompted to scru- 
tinize both organs even when the examination of 
one only is requested. 


perience proves that in cases similar to 
those illustrated by Figures 5, 6 and 7 a 
lesion in the hypopharynx and cervical 
esophagus has been assumed erroneously in 
addition to the true lesion farther down. 

After roentgenoscopy in the postero- 
anterior projection has been completed, the 
patient is turned and the lateral and 
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oblique views are studied at rest and during 
phonation and swallowing, the latter with- 
out and with opaque mixture. The approxi- 
mate appearance of the barium column in 
these views is illustrated by Figures 3 and 4. 

Finally, according to the roentgenoscopic 
findings, the number and kind of roent- 
genographic views are decided upon. Ordi- 
narily the posteroanterior and the lateral 
views are indispensable. Since larynx and 
hypopharynx are frequently involved 
jointly in the same pathological process, 
both organs have to be considered by the 
roentgenologist, even when the examina- 
tion of one only is requested (see Case v). 


SUMMARY 


1. The place of roentgenology in the 
examination of the pharynx is stated 
briefly. 

Attention is called to the fact that 
during each opaque meal study of the ali- 
mentary tract the roentgenologist has an 


opportunity to examine the lower half of 


the pharynx; an opportunity which is often 
negreto for reasons presented. 

. For the lower half of the pharynx and 
lé cervical esophagus a roentgenoscopic 
technique is outlined which obviates the 
difficulties ordinarily arising during the 
opaque meal study of the alimentary tract. 

4. Roentgenograms of the normal phar- 
ynx are described and reproduced in pos- 
teroanterior, lateral, and oblique projec- 
tions. These roentgenograms were obtained 
from an autopsy specimen and from pa- 
tients who, because of remote affection, are 
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better suited to furnish us with pictur 
the structurally normal pharynx than 
healthy subjects. 

ç. Cases of cancer are described—one 
very advanced case, one with defiifite, but 
less conspicuous findings, and one with ab, 
sence of the customary 
history of dvsphagia. As cancer frequently 
affects larynx and hvpopharynx simulta- 
neously, the roentgenologist should scruti- 
nize both organs, even when the examina- 
tion of one only is requested. 
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POST-TRAUMATIC NECROSIS OF BONE* 


By RAYMOND W. LEWIS, M.D. 


Koentgenologist, Hospital for Special Surgery 
^ NEW YORK, NEW YORK 


N RECENT years the Increasing fre- 

" quency of writings and discussions of 
aseptic bone necrosis is indicative of the 
importance of the subject, and of the ever 
widening interest in it. In this country the 
work and contributions of Phemister are 
outstanding in this field. A recent article of 
his, appearing in a surgical publication, IS 
particularly comprehensive and instruc- 
tive." With the purpose of bringing to the 
attention of roentgenologists this highly 
significant work, and perhaps adding a few 
examples of the condition and discussing 
them from the roentgenological point of 
view, this paper was prepared. Omitted 
from the present discussion are the familiar 
types of aseptic necrosis occurring in grow- 
ing centers of bone—the femoral head, 
tibial tubercle, tarsal scaphoid, metatarsal 
heads, vertebral bodies—known under the 
names of the various early writers on these 
conditions. Also omitted are the widelv 
recognized lunate osteomalacia and osteo- 
chondritis dissecans, both of which prob- 
ably should be classified in the post-trau- 
matic bone necrosis group. 

In the article referred to, Phemister 
writes in detail of the pathological proc- 
esses following aseptic interruption of cir- 
culation in bone. From the surrounding 
living bone and joint structures there is 
fibrous invasion, and metaplasia and re- 
placement of the dead bone by new bone. 
Phémister refers to this process as "creep- 
ing substitution” or “creeping replace- 
mgnt." The fibrous invasion and the meta- 
plasia often go hand in hand; but in some 
cases the fibrous invasion may be far in 
advance of the zone of transformation, 
leaving a thick zone of dead bone filled with 
fibrous marrow. There is considerable vari- 


! Phemister, D. B. Changes in bones and joints resulting from 
interruption of circulation. Arch. Surg., 1940, 47, 436—472. 


ation in the rate of progress of this trans- 
formation, it being influenced bv such 
factors as age, size and location of the ne- 
crotic area, function, trauma and non-union 
of fractures which may be present. Recent 
work by Phemister and coworkers showed 
that the reparative impulse may not last as 
long as dead bone persists, but that in the 
case of adults large necrotic areas may be 
incompletely removed. He also calls atten- 
tion to the fact that, especially in adults, 
interruption of circulation in the bone of an 
epiphysis causes serious interference with 
the nutrition of the articular cartilage. He 
states that function hastens to some extent 
the rate and the extent of the repair, but he 
cautions that function should be limited 
well within the strength of the necrotic 
bone and of the newly forming bone during 
the major part of the period of creeping 
substitution. Otherwise fractures and more 
or less collapse of the articular portions 
may occur, with damage to the articular 
cartilage. If circulation of the cartilage is 
not restored, and it dies and becomes 
eroded, a chronic deforming arthritis is 
usually established. 

Phemister gives an excellent description 
of the roentgen manifestations of the vari- 
ous stages of the process he has described. 
"There are no demonstrable changes in the 
early stages of aseptic necrosis. In case the 
cause of necrosis is a fracture followed by 
non-union resulting in marked disuse, 
there is enough atrophy of the adjacent 
living bone in one or two months to cause 
it to cast in roentgenograms a shadow 
fainter than that cast by the dead bone, 
which retains its original density. Fibrous 
tissue invasion of bone causes no change 
in density, *but creeping substitution by 
new bone alters density. If it takes place in 
the presence of a considerable degree of 


* Presented at the Eastern Conference of Radiologists, New York, N. Y., Jan. 23-24, 1942. 
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Fic. 1. Case 1. M.H., female, aged fifty-seven. Fell in January, 1937, sustaining a fracture of the femora 
The fracture was nailed, and roentgenograms over a period of four years show that union was ob 
but that there was a steadily progressing aseptic necrosis. .7 shows the original fracture. B shows 
pearance about a year later. The proximal fragment is of greater density than the adjacent bon: 
there are small areas of rarefaction indicating very limited creeping substitution. C shows the appe 
about two years after the fracture. Union has taken place, but the reparative processes have been x 
complete, leaving the major portions of the devitalized head. D, taken a little more than four yea: 
the fracture, shows crushing of the head, and fragmentation; and the completely dead upper quad 
the femoral head has separated, and lies as a large loose body simulating osteochondritis dissecans. 
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jATe, as in a necrotic femoral head in a 
x 


case of ununited fracture of the neck of the 
femur, the new bone is less dense than the 
old and casts a fainter shadow. In some of 
these ces central portions of the head mav 
NM replaced by fatty bone marrow, which 
Aves the roentgen appearance of a cavity. 
If, however, there 1s little or no disuse, the 
new bone is laid down in greater amounts, 
and the density approximates the normal 
But the shadows of the trabeculae are usu- 
ally irregular, which may suggest the previ- 
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Fic. 2. Case m. J.L., female, aged twenty-six. 
Twenty-eight months ago she was in an automo- 
bile accident, sustaining multiple serious injuries, 
among others an intertrochanteric fracture of the 
femur. She was treated elsewhere, the femoral 
fracture was wired eight days after occurrence, and 
good union obtained. She was kept from weight- 
bearing only eight and a half weeks. A review of 
the roentgenograms taken elsewhere showed no 
evidence of circulatory disturbance until seven 
months after injury. From then on until we saw 
her, the aseptic necrosis was progressive. This was 
apparently not recognized; and 1t seems probable 
that her sutures were regarded as the source of her 
discomfort, for the accessible portions of these 
were removed shortly before we saw her. This 

S'oentgenogram shows her condition two years and 
four mongjs after her accident. The femoral head 
and proximal neck are obviously dead. Central 
and so&ttered peripheral rarefactions represent in- 
complete creeping substitution. The head shows 
partial collapse. Comment: Had the circulatory 
disturbance been recognized, and function limited, 
it 1s theoretically possible that restoration might 
have been more complete, the crushing of the head 
prevented, and the now inevitable severe second- 
ary osteoarthritis avoided. 


Post-traumatic Necrosis of Bone 
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Fic. 3. Case ur. D.R.. female, aged thirty-two. 
Former ballet dancer. No history of injury. Was 
perfectlv well until she awoke one morning six 
months ago with pain in right hip and knee. She 
has since had mild symptoms in left hip. This 
roentgenogram shows evidence of circulatory dis- 
turbance in both femoral heads, with partial 
crushing of the right. It seems probable that the 
etiologv in this case was the repeated small trau- 
mata incurred during her previous occupation as 
dancer. 


ous existence of a necrotic area. Flattening 
of the articular surface and fracture lines 
within or at the limits of the dense bone 
are important signs. Compression of trabe- 
culae, especially in necrosing lesions in chil- 
dren, mav give rise to some degree of in- 
creased density.” He continues further: 
“The calcified and ossified line of demarca- 
tion which may develop about a stationary 
necrotic area in the cancellous bone or the 
medullary cavity of the shaft casts a defi- 
nite shadow of incseased density in roent- 
genograms. There may also be sufficient cal- 
cification within to cause the entire necrotic 
area to cast a more or less blotchv shadow 
of increased density.” 

Post-traumatic aseptic bone necrosis 1s 
not a rare condition, but, on the contrarv, 
is encountered rather frequentlv in an 
active bone and joint service. Its most fre- 
quent occusrence is following fractures and 
dislocations. It is seen occasionally, how- 
ever, following less serious injury, and we 
have evidence that it may occur as a result 
of repeated small traumata such as those 
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è 
Fic. 4. A warning that other conditions may p ce 
changes simulating aseptic necrosis. 4, aseptic®’’ 
necrosis; B, proven Gaucher's disease. 
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incurred in ballet dancing. Such a case will 
be presented. 

The most frequent site of occurrence ap- 
pears to be the upper extremity of the 
femur, with the carpal bones, tarsal bones 
and ankle, and elbow in the order of fre- 
quency. The time of manifestation of the 
necrosis is probably variable, dependent oif 
the many variables associated with the 
different types of trauma. In many in- 
stances circulatory changes are evident on 
the roentgenogram within a few months of 
the injury. In cases where the aseptic ne- 
crosis 1s not discovered until two or three 
vears after the injury, it seems likely that 
the changes were present much earlier than 
this, but were perhaps not recognized. We 
shall show such a case. 

The importance of recognizing the roent- 
gen manifestations of circulatory disturb- 








e 
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Fic. 5. Case iv. C.T., male, aged twenty-three. Fell from a tree July 17, 1937, sustaining a fracture of the 
carpal scaphoid. This was treated elsewhere in plaster for ten weeks. Roentgenograms showing non-union, 
the bone was drilled twice. When seen here February 16, 1938 (Fig. 5) there was non-union, wide separation 
of fragments, necrosis of the proximal fragment with no evidence of creeping replacement. The likelihood 
of re-establishing circulation and obtaining union and good function seemed poor, The proximal row of Š 


carpals was therefore excised. 


=- 
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Fic. 6. Case v. M.McC., female, aged forty-eight. Fracture of carpal scaphoid March 1, 1940. Treated in 
plaster in cockup position for fourteen weeks. These roentgenograms show the condition May 24, 1940. 
There is evidence of circulatory deficiency in the proximal portion of the proximal fragment, but creeping 
replacement has occurred in this fragment along the fracture line, with evidence of union. The prognosis 


seems good. 





Fic. 7. Case vi. J.M., male, aged twenty-four. November 24, 1937 stiffered a dislocation of the lunate bone, 
but was treated elsewhere only by immobilization. Open reduction was performed in this hospital February 
23, 1938. Examination April 14, 1938 (4) shows slight subluxation and aseptic necrosis of the lunate. 


Examination March 4, 1939 (B) shows necrosis with small scattered areas of creeping substitution. The 


prognosis appears unfavorable. 


er 


£98 Raymond W. Lewis j May, 1943 





Fic. 8. Case vir. N.H., male, aged twelve. Was run over by car wheel October 31, 1940, injuring ankle. Was 
in another hospital under treatment for forty-seven days, allegedly for compound fracture of both bones. 
The wound was said to have closed about a week before he was discharged. These roentgenograms July 23, 
1941, show old ununited fracture of the mesial malleolus. The distal epiphysis of the tibia shows irregularly 
increased density, with much flattening. The epiphyseal cartilage is still present. The ankle joint width is 
narrow, but not obliterated. The findings suggest aseptic necrosis of the lower tibial epiphysis, with con- 
siderable crushing and fragmentation. 





Fic. 9. Case vit. S.T., male, aged sixty-five. On April 11, 1941, he fell from a roof, sustaining a compound 
fracture dislocation of the astragalus. Wound was contaminated with dirt, the astragalus seemed to be 
attached only by a thread. Treated by cleaning, débridement, tetanus antitoxin, sulfanilamide. Infection 
developed. These roentgenograms show the condition on September 11, with necrosis of the astragalus, 
probably largely aseptic in nature, with no evidence of creeping replacement. Later examinations showed * 
some evidence of localized areas of creeping substitution, but the eventual outcome is still very uncertain? 
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Fic. 10. Case 1x. A.B., female, aged six and a half. Was struck by a car, injuring ankle, and was treated in 


plaster in another hospital about seven weeks. These roentgenograms show the condition two and a half 


months after the injury. There is obvious aseptic necrosis of the body of the astragalus, with crushing of 
the body, probably secondary to the circulatory disturbance rather than produced by the original injury. 
There was little if any evidence of creeping replacement. The patient was treated conservatively, was 


followed a short time, then disappeared. 


ance in bone is obvious. During the period 
of bone necrosis and creeping replacement, 
the strength of the bone is greatly dimin- 
ished, and it cannot perform full function 
without danger of collapse, without danger 
of destruction of the anemic overlying ar- 
ticular cartilage. 
secondary osteoarthritis and a permanently 
damaged joint seem inevitable. If, on the 
rm hand, the roentgenologist recognizes 
the existggtce of deficient blood supply, and 
the clinician protects the part and restricts 
functién within safe limits, or perhaps 
carries out some Operative procedure to 


If these things occur, 


improve circulation, the chances of even- 
tual re-establishment of adequate circula- 
tion and restoration of the part to good 
function are greatlv increased. 

Figures 1 to IO are presented showing 


‘llustrative of the conditions dis- 


cussed. 


Cases 


SUMMARY AND CONCLUSIONS 


(1) A brief summary has been given of 
the pathology and roentgenographic find- 
ings in post-traumatic aseptic necrosis ef 
bone, as described by Phemister in a recent 
article. 

(2) The importance of recognition of the 
condition by the roentgenologist, and of 
proper management of the case by the 
clinician, 1s discussed. 

(3) Cases illustrating 
shown and discussed. 

(4) As a warning, a case is presented 
demonstrating that other conditions may 
bear roentgenographic resemblance to asep- 


the condition are 


tic necrosis. 
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EXTRAORDINARY CALCIFICATION IN THE BREAST: | 


By BENJAMIN W. ANTHONY, M.D., and HERBERT C. POLLACK, M.D. 


CHICAGO, ILLINOIS 


URING our routine examinations we 

encountered a chest roentgenogram 
which, on the first observation, showed an 
unusual network of extreme densities in or 
on the right side of the thorax, as illus- 
trated in Figure 1. It had the appearance of 
calcification of the entire right bronchial 
tree, but under the stereoscope the roent- 
genograms revealed these calcifications to 
be in the soft tissues anterior to the bony 
thorax. Therefore roentgenograms of the 





laic. 1. Right breast grossly enlarged. Calcifications 
projected through center of right side of thorax. 


chest in the oblique diameter (Fig. 2) and 
of the right breast (lateral and oblique 
views— Fig. 3 and 4) were taken, demon- 
strating that these shadows were definitely 
situated in the right mamma. 

Because of the rarity of suchefindings, we 
decided to report this case. 


The patient was a female, colored, aged sixty- 


À : é.. 
six, who stated that her right breast was injured 
seventeen years ago by a blow, resulting in prc 
nounced swelling with bluish discoloration aftd 
massive hematoma. The breast was extremely 
painful after the injury, gradually became hard, 
heavy, and remained so until the present time. 
She had not observed any remarkable change in 
the appearance of the breast within the past 
ten years. On examining the enlarged right 
breast (Fig. § and 6) we noted a heavy, cake- 
like mass, which measured approximately 2 
inches in thickness and 43 inches from thé 
medial to the lateral borders. The firm mass felt 
as if it were composed of concrete. The breast 
was pendulous, freely movable over the under- 
lying tissue, and so heavy that it had to be 
elevated and supported during our roentgeno- 
graphic studies. There was no retraction of the 
nipple and the skin of the breast showed no 
pathological changes. The regional lymph nodes 
were not palpable; the surface of the breast was 
uniform and no pain was elicited on palpation. 





Extensive 


Pic. 4$. calcifications and ossifications 
within the right breast. Thoracic cage and lungs 
clear. 


* From the Department of Roentgenology, Provident Hospital, Chicago 
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e Fic. 3 and 4. Right breast. Oblique and lateral views. Radiating trabecular arrangement of 
ossifications and calcifications. 


Ordinarily the breasts of a woman of this age 
are atrophic and this applied to the left mam- 
ma, which was normal. The roentgenograms 
showed pronounced calcifications involving al- 
most the entire right breast, branching from 


the base to the periphery in a shrub-like man- 
ner. In the central portion ossification was 
present, radiating in all directions throughout 
the right breast, showing a tendency toward 
bone formation. The oblique as well as the lat- 





Fic. 5 and 6. Frontal and oblique photographs of breasts. Right is grossly enlarged and pendulous, 
whereas the left one is atrophic. 
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eral views of the breast revealed that the cal- 
cification extended from the soft tissue and did 
not involve the bony cage. 


The literature of the last ten vears dis- 
closes that roentgen examinations of the 
breast have been of diagnostic value in dif- 
ferentiating between benign and malignant 
lesions of the breast. There are numerous 
conditions followed bv calcification in the 
breast, the most frequent of these being 
healed mastitic abscesses. In addition, cal- 
cification may occur or be associated with 
the following affections: 


. Adenoma 

2, Cyst 

3. Hematoma 

4. Mammary tuberculosis 
5 


— 


. Psammocarcinoma 
6. Necrotic areas of mammary carcinoma 
7. Calcinosis universalis 
8. Osteitis deformans 


Calcium deposits mav be in anv part of 
the breast, in the subcutaneous and fatty 
tissue, in the parenchyma, or in the milk 
ducts" radiating from the nipple to the 
base of the breast. 

Calcifications in carcinomatous tissue, 
however, are extremely rare whereas our 
observations confirm the fact that calcare- 
ous deposits are relatively common in be- 
nign lesions. 


-Benjamin W. Anthony and Herbert C. Pollack ® 


May, 1943 
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SUMMARY 


A case is presented exhibiting extensive 
caleification of almost the entire right 
breast in a female aged sixty-six. Bresum- 


ably these changes were the result of trauma ; 


and hematoma formation having Occurrec 
seventeen years previously. This is the most 
extensive calcification we have been privi- 
leged to see in our experience. 
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OSTEO POIKILOSIS* 
A CASE REPORT 


By ROY H. THOMPSON, Lieutenant Colonel, Medical Corps, Army of the United States 
à RUBEN HOOVER, Major, Medical Corps, Army of the United States 


FORT HAYES, OHIO 


and 


HUSTON F. FULTON, M.D. 


COLUMBUS, OHIO 


HE following case of osteopoikilosis 

(osteopathia condensans disseminata) 
is presented because of the apparent rarity 
of this entity and because this case may aid 
in fyrthering its study. 


On October 31, 1941, the Selective Service 
Examining Board at Fort Hayes, Columbus, 
Ohio, was confronted with another problem. 
This was in the form of a husky, well built, 
well nourished applicant, J.B.L., who com- 
plained, as did so many others, of vague pains. 
These were localized to the right hip and right 
knee. He was given the usual tests and no de- 
formity or limitation. of motion or areas of 
tenderness were noted. He was given the benefit 
of the doubt and referred to the roentgen-ray 
clinic at the Station Hospital. The diagnosis of 
osteopoikilosis was returned and the applicant 
admitted on November 1, 1941, for further 
study. 

The applicant was a white male, aged twenty- 
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Osteopoikilosis. The dense circumscribed 
areas are diffusely scattered through the carpal 
bones but are confined to the ends of the long 
bones. 


Kic. I. 


seven, and weighing about 180 pounds, and was 
a native Ohioan. After leaving the seventh 
grade at the age of sixteen he worked on his 
father’s farm. He was an occasional user of 
alcohol and tobacco. No history of drug addic- 
tion was admitted. About two years previous to 
his admission he stated that after a hard day of 





Fic. 2. The dense circumscribed areas are present in 
the body of the fifth lumbar vertebra, sacrum, 
pelvis, and upper end of the shafts of the femurs, 
concentrated more at the weight-bearing points. 


work he noticed a heavy feeling in his right leg 
and a dull ache in thé right hip. This pain would 
disappear after a night's rest. No trauma wes 
remembered which could account for the onset 
of the pain. Since then every day that the work 
was particularly heavy the ache would return. 
There seemed to be no difference in the severity 
of the pain felt on admission as compared with 
that at the onset. The history taken on ad- 
mission revealed that the father was living and 
well at sixty-three years of age. The mother had 
died of tuberculosis at the age of sixty-three. 
Three brothers and two sisters were living and 
well. Among the childhood diseases recalled 


* Published with permission of the Surgeon General who is not responsible for any opinion expressed or conclusions reached herein. 
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Fic. 3. Areas of osteopoikilosis noted in and near 
the articular surfaces of the tibia, fibula, femur, 
and patella. 


were measles, mumps and whooping cough. No 
serious operations or injuries were remembered. 

The physical examination was essentially 
negative. The eye grounds were normal. The 
cardiovascular system was normal and the 
blood pressure 134/85. The prostate gland was 
normal. No lymphadenopathy was present. The 
reflexes were normal. 

The laboratory report revealed a blood cal- 
cium of 15.6 mg. per 100 cc. The blood phos- 
phorus determination was unsatisfactory and 
owing to brevity of the time available for the 
study, the test was not repeated. The blood 
sugar was 85 mg., non-protein nitrogen 30 mg., 
and chlorides 220 mg. per IOO cc. The blood 
study showed 4,860,000 red blood cells, 6,900 
leukocytes and a hemoglobin of 9o per cent. 
The differential count showed 60 per cent poly- 
morphonuclears, 37 per cent lymphocytes and 
3 per cent eosinophiles. The Kahn test was 
negative. Urinalysis was rfegative for albumin; 
a trace of sugar was found. The urine was straw 
colored, clear, acid, and microscopically nega- 
tive. 

The roentgen report was as follows: Skul: 
Right lateral stereoscopic view shows the sella 
to be small and bridged. No evidence of osteo- 
poikilosis*. Chest: Small mass of calcified right 
paratracheal nodes measuring about 1.5 cm. in 


* The sella turcica measured 8 mm. in the asteroposterior di- 
ameter and was 6 mm. deep, at a 3o inch film tube distance. 

T Since submission of the paper the father was roentgeno- 
graphed for study of the pelvis and long bones and the roentgeno- 
grams showed no evidence of osteopoikilosis. 


Roy H. Thompson, Ruben Hoover and Huston F. Fifton 
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diameter. Calcified primary tubercle in right 

apex. No evidence of activity or of reinfection 

type tuberculosis. No evidence of osteopoiki- 

losis. Pelvis: Small dense sharply demarcated 

areas present throughout pelvis includi upper 


Á 


ends of femurs and fifth lumbar vertebra, more 4 


numerous near the joint surfaces, and nol 
elevated above the surface of the bone, measur- 
ing from 2 to § mm. in diameter. Knees: Small 
dense sharply demarcated areas present in 
cortex of diaphysis and epiphysis, most numer- 
ous in the latter, of all bones in both knees in- 
cluding the patellae. Feet: Similar areas present 
mainly near the articular surfaces of the long 
bones and scattered uniformly through the 
tarsal bones. Hands: Similar areas presemt in 
the bones of both handsf. 


Ferguson! states that defective bone for- 
mation in the metaphysis takes the form of 
dense non-reticulated calcareous matter. 
The central intermittent defect of this type 
gives rise to a persistent, dense, structure- 
less area in the bone, sometimes small and 
rounded, characterized by abrupt transition 
from normal apparently healthy bone to 
absence of reticulation in the dense area. 
When this is diffuse, widespread, and abun- 
dant 1t 1s called osteopoikilosis. These de- 
fects are innocuous. 





FIG. in- 


4. Similar distribution of osteopoikilosis 
volving both feet. 
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According to Hirsch's? classification, this 

Nase would be of the nodular variety. Nich- 
ols and Shiflett? described a case compli- 
cated by hypopituitarism, in which the 
sella tu®ica, as in this case, was small but 

‘otherwise normal. Several investigators 
have verified its hereditary tendency; 
among them are Wilcox,® Sutherland,’ and 
Lowrey and Booth.? 

This case was apparently free of compli- 
cations although a definite slight mental 
deficiency was noted. The fact that the 
mother died of tuberculosis may be of some 
significance. 

e Ar? unsuccessful attempt was made to 
have the family undergo physical and roent- 
gen examination. This applicant was re- 
jected because of his joint pains which were 
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believed to be severe enough to preclude 
full military service. 
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INTRODUCTION 
By D. W. Smithers 


HERE are good reasons for believing 

that the treatment of cancer of the 
esophagus should meet with more success 
than it has done in the past. One of the 
essentials for such progress is an under- 
standing of the peculiar difficulties which 
are associated with the treatment of this 
disease. Improvement is only to be ex- 
pected 1f we can take steps to eliminate or 
minimize the effects of many of the factors 
that have contributed to our past lack of 
success. 


Reasons for Failure of Treatment Due to 
the Nature of the Disease. 


1. The great majority of patients with 
cancer of the esophagus do not receive any 
treatment until the disease has been present 
for many months. 

2. The esophagus is a thin-walled, deep- 
seated tube, which may be extensively in- 
volved by the tumor and which lies in close 
relation to vital structures, perforation into 
which results in rapid death. 

3. A cancer of the esophagus is often a 
highly malignant growth which, although 
the majority remain localized for a few 
months, tends to rapid and widespread dis- 
Semination in the later stages. 

4. Esophageal obstruction leads to star- 
vation and such rapid deterioration in the 
patient’s general health that his ability to 
withstand the strain of any radical treat- 
ment is seriously impaired. 

The disease is often well advanced by 
the time that it causes sufficyent obstruc- 
tion for the patient to notice difficulty in 


swallowing. As dysphagia is the commonest 
initial symptom it is seldom possible to 
make the diagnosis at an early stage. It is 
therefore all the more important that 
treatment be started without delay once 
symptoms have appeared. At present there 
is a gap of several months before the ma- 


. . - . e . 
jority of these patients reach the hospita 


(Table 1). The chances of success with any 
treatment must undergo a serious deteri- 
oration during this wasted period. 


TABLE I 


AVERAGE DURATION OF SYMPTOMS BEFORE 
ADMISSION TO HOSPITAL 











Observer Time in Months 
Abel! 6 to 
Souttar?? Pa 
Broders and Vinson’ 7.0 
McGibbon!* 3.4 
Present series 4.I 








In general the difficulties with any form 
of treatment increase with the size of the 
tumor. [n many of these cases a consider- 
able length of the esophagus is involved. In 
2 of the untreated cases in the present series 
a tumor 7.5 cm. in length was found at 
autopsy after a period of six months’ dys- 
phagia. In another the patient had had 
symptoms for four months and two ufters 
were found, one 4.5 cm. long and the other 
11 cm. long, separated by a small Wof of 
apparently normal mucous membrane. 
Buchbinder* examined 33 case where the 
average duration of symptoms had been 
five and one-half months and found that 
the average length of esophagus involved 
was 7.5 cm. Fleming!’ found tumors of an 


* We regret that since the completion of the text of this paper, J. A. Strong was killed on active service with the Royal Air Force. 
Mr. Strong was physicist to the New Zealand Branch of the British Empire Cancer Campaign, and his death is a severe loss to medical 


radiology. 
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average of 5.4 cm. in length in 34 cases. The 
relationship between the size of the tumor 
and the duration of symptoms in his cases 
is shown in Table ri. 


Tase II (Fleming?) 


b 
RELATIONSHIP BETWEEN SIZE OF PRIMARY GROWTH 
AND DURATION OF SYMPTOMS BEFORE DEATH 











Average Survival in 








Size up to: Cases Months from Onset 
of Symptoms 
2.5 cm. 2 4.5 
2.6— 5.0 cm. 12 $ 4 
$.0- 7.5 cm. 15 E. 
7.5-10.0 cm. 5 £5 
10.0-12.5 cm. 2 5.8 





Esophageal tumors tend to be of the less 
well differentiated, more highly malignant 
grades. McGibbon '* collected some figures 
showing the proportion of cases in each 
grade (Table 111). The more undifferen- 
tiated the tumor the greater its tendency 


TaBe III (McGibbon!5) 

















No. of Grade Grade Grade Grade 





Observer 
Cases I 2 4 4 
Broders and 
Vinson? 207 O 16 95 96 
Watson? 202 d 148 39 O 
Clayton? 39 3 16 I2 9 
Percentages | — 49t 40% 5% 23.5% 





to rapid dissemination. Clayton® collected 
data to demonstrate this point (Table tv). 
The length of time that symptoms have 
been present must be considered together 
with the grade of the tumor in assessing 
the chances that distant metastases are 


esent. The importance of the length of 


in this respect was stressed by 
elsley.2 The average duration of symp- 
toms in ghis patients who died without 
demongtrable metastases was 4.84 months. 
Those patients of his who had had a gastros- 
tomy lived an average of sixty-nine days 
longer than the remainder, and the per- 
centage with metastases rose during this 
period from 18 to 43. In the present series 
postmortem examinations were carried out 
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in 13 (7 treated and 6 not treated or incom- 
pletely treated). No metastases were found 
in 4 who had lived an average of five 
months since the onset of symptoms but 
metastases were found in nine that had 
lived an average of 9.1 months. 

The great majority of these patients on 
arrival at the hospital are already weak 
and wasted, most of them have extensive 
involvement of the esophagus, many have 
distant metastases and some may be ex- 
pected to perforate before any adequate 


Tase IV (Clayton?) 


INCIDENCE OF DISTANT METASTASES ACCORDING TO 
THE GRADE OF TUMOR AND DURA- 
TION OF SYMPTOMS 











Average Dura- 
No. of tion of Symptoms 
Cases before Death 
in Months 


No. of Cases 
with 
Metastases 


Grade 
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treatment can be given. So long as the 
present delay in starting treatment persists 
nothing more than an occasional success 
can be expected with any treatment. 
There is probably little that can be done 


to persuade these patients to report their 


symptoms earlier, but the removal of the 
impression held by so many practitioners 
that no benefit results from treatment may 
help to speed their progress to a hospital. 
There is evidence that success can be 
achieved in an increasing proportion of 
cases, and much can be done to relieve symp- 
toms and prolong life. One has only to see 
a few of these patients able to swallow 
normally once more to be convinced of the 
value of treatment on this score alone. 
Great care should be taken in the examina- 
tion of any patient who has symptoms that 
might be due to a cancer of the esophagus. 
As soon as the diagnosis 1s made every pre- 
caution must be taken to avoid local 
trauma which may increase the risk of per- 
foration. It is important that these patients 
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Interstitial radium or radon. The im- 


A case recently published by Bendick? 
is a good example of what can be achieved 
with early diagnosis and treatment. In this 


plantation of radium or radon cannot he 
carried out accurately through an esopha- 
goscope; the instrument distorts the tissues 


case the diagnosis was made and confirmed and the seeds can only be inserted obfiquely. P 
2 


microscopically before obstruction had oc- 
curred and the patient was alive, well and 
working two and one-half years after Gar- 
lock had resected the esophagus. The 
tumor was found to be but 2.0 by 1.4 cm. 
In size. 


Particular Difficulties Associated with the 
Various Methods of Treatment. 


Surgery. The surgical removal of 
esophageal tumors carries a high operative 
mortality and is still only applicable to a 
very small proportion of cases. Adams and 
Phemister? in 1938 collected the published 
cases of successful removal of tumors of 
the thoracic and abdominal esophagus and 
could find only 36 from 1907. Of these 36 
only one lived more than five vears. This 
oft quoted and fascinating case was pub- 
lished by Torek.?'? The patient lived for 
thirteen years and then died of intercurrent 
disease. It is of interest to note that this one 
success was achieved in a most unusual case 
for the growth had remained localized de- 
spite the fact that symptoms had been 
present for as long as nine months. The 
risks of operation and the past lack of suc- 
cess even with selected cases suggests that 
surgery is only indicated for some tumors 
of the cervical portion of the esophagus or 
where exceptional circumstances are pres- 
ent. e 

2. Teleradium. Owing to the inadequate 
depth dose obtainable with the teleradium 
units at present in use, this method of 
treatment is not suitable for deep-seated 
tumors. (Five gram teleradium unit d! 
= 3.4 €m.; 400 kv. roentgen unit used as de- 
scribed in text do —7.1 —7.9 cm.) (d!5 is 
the depth below the surface along the cen- 
tral axis of the beam at whichethe dose is 
50 per cent of that received on the surface.) 
As far as the esophagus is concerned tele- 
radium therapy must be confined to tumors 
of the cervical portion. 


It is almost impossible to place the radon ' * 


so as to obtain an even irradiation of thé 
whole tumor. The trauma and local high 
dosage inherent in this method increase 
the risk of perforation. It is only of value 
where surgical exposure can be obtained 
comparatively easily, as in the case of 
tumors of the fads of the stomach 
which involve the lower limit of the esoph- 
agus. 

4. Radium bougie. The best results have 
so far been obtained bv the use of the 
radium bougie. The outstanding exponent 
of this form of treatment is Guisez. Some 
of his results are quoted by Watson? 
(Table v). Guisez!! also refers to one of his 
patients who lived for twentv-six years 
after treatment. Lawrence Abel has shown 
the present writer the unpublished records 
of one of his patients, treated at the Royal 
Cancer Hospital in April, 1927, who died of 
intercurrent disease in December: 1938. 

TABLE V (Guisez) 
RESULTS OF INTRA-ESOPHAGEAL RADIUM 
TREATMENT OF 27O CASES OF CARCI- 


NOMA OF THE ESOPHAGUS 








1 alive 11 years after treatment 

1 alive 10 years after treatment 

1 alive 5 years after treatment 

4 alive 4 years after treatment 

4 alive 3 years after treatment 

12 alive more than 18 months 
after treatment without evi- 
dence of disease 





4 died of intercurrent disease without evidence of LP 


The disadvantages of the radium bougie are 
the difficulty in passing the upper limit of 
the obstruction, the rapid fall off ef dose 
with depth, and the local trauma and high 
dosage which increase the risk of perfora- 
tion. Zuppinger*! treated groups of these 
patients with radium bougies, roentgen ir- 
radiation and combinations of the two. He 
found that the incidence of perforation 
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was higher with intra-esophageal radium 
Nand obtained the best results with roentgen 
irradiation alone. 

5. Roentgen irradiation. Zuppinger?! re- 
ported Shat 2 of his patients were alive, 
well and symptom free two and one-half 
years after roentgen treatment. Nielsen? 
attempted to give an adequate tumor dose 
in 17 cases, 8 of these lived more than one 
vear, 2 were alive and svmptom free at the 
end of three and one-half vears and one at 
two and one-half vears. Malcolmson and 
Malcolmson!? reported one patient alive 
and well three years and Baum? one six 
» years after treatment. Hilton? published 
particulars of a case in 1937 that had sur- 
vived over three vears and she informs me 
(Julv, 1940) that this patient is still alive 
and well. The disadvantages of roentgen 
irradiation are that a large volume of nor- 
mal tissue must be irradiated, that damage 
may be done to these tissues and that the 
tumor dose which can be given is limited by 
the total energv absorption that the patient 
will tolerate. 


The Advantages of Roentgen Treatment. 

Roentgen treatment has much to recom- 
mend it for it is the most effective method 
of securing palliation and at the same time 
causes the patient least discomfort. These 
considerations are of great importance in a 
group of patients in which only a limited 
success can be expected. Roentgen treat- 
ment allows of an even irradiation of the 
whole tumor without local trauma. Meas- 
ures can be adopted to overcome, in part, 
the main disadvantages of the method. To 
obtain a maximum tumor effect for a mini- 
mum damage to normal structures, it is 
al to pay very careful attention to 
obtaining the optimal distribution of the 
radiationgn the whole volume irradiated. 
This can be done by studying the three-di- 
mensional distribution of the radiation due 
to various field arrangements and attention 
to the detail of the accurate application of 
the final fields selected. By such means we 
may hope to deliver an adequate tumor 
dose without overstepping either the limit 
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of total energy absorption that the patient 
can tolerate or the dose to normal tissues 
that will cause serious damage. Recent 
work at the Roval Cancer Hospital has 
been concerned both with volume distri- 
butions of radiation" and with total energy 
absorption.” This work has now been ap- 
plied to the problem of the roentgen treat- 
ment of cancer of the esophagus. The re- 
sults obtained not only show that palliation 
and prolongation of life can be obtained in 
manv cases, but also that the disease can 
be eradicated in some cases if the patients 
are treated early enough. 

The assessment of the relative values of 
the various methods of treatment is a matter 
of extreme interest. If comparison 1s to be 
made complete accounts of all patients 
seen whether treated or not must be pub- 
lished for each method adopted. The pur- 
pose of the present paper is to describe in 
detail the method of roentgen treatment 
employed at the Royal Cancer Hospital 
and to give an account of the subsequent 
history of all cases seen from 1936 to 1939. 


PART | 
DESCRIPTION OF THE METHOD OF ROENT- 
GEN TREATMENT ADOPTED AT THE 
ROYAL CANCER HOSPITAL AND AN 
ACCOUNT OF THE RESULTS 
OBTAINED 


By D. W. Smithers 


- 


Classification. After the patient has been 
carefully examined, and an esophagoscopy 
and a roentgenological examination per- 
formed we may, by taking into consider&- 
tion the patient’s general health, the length 
of history, and the degree of differentiation 
of the tumor, arrive at a fairly accurate 
assessment of the chances that the patient 
will benefit materially from treatment. As 
some palliation is to be expected in the 
majority of cases, treatment should be at- 
tempted whenever possible, but at times it 
is clear from the start that little or nothing 
can be done. In the present series treatment 
was started whenever the patient was well, 


610 


enough to be brought to the department 
and could remain still supported in a sitting 
position for approximately one hour each 
.dav. If treatment was started at all the 
patient was placed in the treated group 
but a distinction was made between those 
that did and did not complete the treat- 
ment prescribed. The patients, therefore, 
were divided as follows: 


Not treated. 
2. Treated 
(a) completed treatment. 
(b) failed to complete treatment. 


The arrangement of fields adopted for 
the treatment of tumors of the upper 
limit of the esophagus was the same as that 
employed for postcricoid tumors of the 
pharynx, and the arrangement for the 
lower limit of the esophagus was the same 
as that for tumors of the stomach in the 
region of the cardia. From a roentgen treat- 
ment point of view these cases were there- 
fore divided according to the site of the 
tumor as follows: 


1. Postcricoid tumors and tumors of the 
cervical esophagus. 

. Tumors of the thoracic esophagus. 

Tumors of the abdominal esophagus 

and of the fundus of the stomach in- 

volving the esophagus. 


to 


oe 
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Tumors of the esophagus were also di- 
vided according to the third of the organ 
in which the main body of the tumor lay 
for comparison with other work. McGib- 
bon!5 took the mean percentages for each 
third from seventeen published series and 
ound 17 per cent upper third, 47 per cent 
middle third and 36 per cent lower third 
tumors. It is probable that this represents a 
rather high percentage of lower third tu- 
mors. The majority of the tumors involving 
the lower limit of the esophagus are pri- 
mary tumors of the stomach which invade 
the esophagus. In many cases the gastric 
portion of the tumor can be demonstrated 
roentgenologically. Histological examina- 
tion is also helpful but adenocarcinomata 
do occasionally arise from “cardiac glands" 
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in the esophageal mucosa or from oe i 


of ectopic gastric epithelium. 


° 
Tumors of the Thoracic. Esophagus. 
Preparation of the pattent Bid care 
during treatmext. Whenever possible an 
esophagoscopy is performed before treae- 


ment is started and a piece is taken for 
biopsy so that the diagnosis can be con- 


firmed and the degree of differentiation of 


the tumor determined. 

If esophageal obstruction 1s almost com- 
plete, and the patient can swallow nothing 
but sips of fluid, a preliminary. gastros- 


e 4 


tomy is performed. It is not done as a*rou- em ^" 
= 


tine, as even this operation has a certain 
mortality in this group of weak and 
debilitated patients, and swallowing 1m- 
proves in the second week of roentgen treat- 
ment in nearly every case. 

A calorie chart i IS kept for each patient to 
show the daily food intake, to serve as a 
guide to progress, and to impress the nurs- 
ing staff with the importance of adequate 
nourishment. Each patient is weighed at 
regular intervals. Figure 1 is a dose, weight, 
blood count and calorie chart for an actual 
patient during the treatment period. The 


diet must be a fluid one in most cases, at \ 


any rate for the first two or three weeks. It | 
should be given in small frequent, concen- . 


trated feeds containing a good proportion 
of protein and having a high vitamin con- 
tent. Feeds should be given at least at 
three-hour intervals during the day and 
once during the night if the patient is 
awake. 

All these patients should be in hospital 
throughout their treatment. It is impor- 
tant to see that they get adequate rest and 
to keep a check on the temperat d 
pulse rate. Levitt!’ has pointed out the 


importance of the pulse rate; a persistently | 
rapid pulse, usually without pyrexia is re- | 


garded by him as the first sign of medias- | 


| 


} 


tinitis and of serious import. We have been | 


able to confirm this in several cases. Pa- 
tients with severe and persistent tachy- 
cardia seldom complete their treatment and 
rarely survive it by more than a few weeks. 


f 


) 


v €x 
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e. 
This tachycardia may be followed by sub- 
N ternal pain, with fever in some cases, and 
‘commonly ends with perforation of the 

| esophagus. 

It is "Important to keep a record of the 
variation in the patient's blood count, for 
if is here that the first indication appears 
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e . . " A 
must be taken to raise it; the most effective 
means is to stop treatment for a few days. 
This is to be expected for the drop in the 
white cell count is partly due to a destruc- 
tion of circulating lymphocytes. The prob- 
lem is an important one for the leukopenia 
produced is a major obstacle in the way of 





that the patient's tolerance to large volume adequate roentgen treatment. Carrié” 
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Fic. 1. Tumor dose, weight, calorie and white blood count chart. The record of an actual 
case during the treatment period. 
e e 
irradiation is failing. Blood counts are quotes the work of Friemann who found 


| thy re carried out before treatment and 
| at weekly intervals throughout the course 
| or more fgequently if necessary. With such 
| a fatal disease risks may be taken so we do 
| not stop treatment unless the total white 
cell count falls below 2,000 cells per c. mm. 
j or the lymphocytes below 2co cells per c. 
mm., and the treatment is continued 

soon as the blood count improves. When this 
drop in the blood count occurs measures 


= 


that experimentally produced leukopenia 
in animals could be eliminated or pre- 
vented by the administration of vitamin C. 
Carrié tried the effect of vitamin C on 
roentgen leukopenia and concluded that it 
had a favorable influence, particularly if 
administered throughout the course of ir- 
radiation. We have given 1,000 units of 
ascorbic acid two or three times a day to a 
number of the patients in the present series 
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Fic. 2. Volume distribution in an average patient. Six fields 20 X4 cm., 80 cm. focus-skin distance, 400 kv. 
(peak), 3.7 mm. Cu half-value layer. .7, plane 12 cm. up from center; B, plane 11 cm. up from center; C, 
plane 10 cm. up from center; D, plane 8 cm. up from center; E, plane 5 cm. up from center; F, central 
plane; G, plane 5 cm. down from center; //, plane 8 cm. down from center; /, plane 10 cm. down from cen- 
ter; 7, plane 11 cm. down from center; A, plane 12 cm. down from center. 
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and, though it 1s too soon to gain anv clear 
impression of the result, we have been suf- 
ficiently encouraged to continue its trial. 
In certain cases the lymphocyte count 
after the usual initial fall has actually risen 
towards the end of treatment (see Fig. 1). 
dncidentally it has been found by Imler 
and Wammock” that irradiation nausea is 
sometimes controlled by the administration 
of large doses of vitamin Bı. There is cer- 
tainly room for further work on the effects 
of a high vitamin diet for patients under- 
going radiation therapy. 

The effect of irradiation on the red blood 
celle is not so serious, but if the patient is 
already anemic large doses of iron are given 
or a blood transfusion carried out before 
treatment starts and repeated if necessary. 
Iron is also given to those women who have 
a history of idiopathic hypochromic 
anemia. 

2) Selection of the treatment fields. The 
size, shape, number and positions of the 
treatment fields that are employed should 
be such that the best possible distribution 
of the radiation is obtained throughout the 
volume irradiated. The ideal distribution for 
tumors of the thoracic esophagus is one that 
results in the highest dose being delivered 
to a cvlinder of tissue that includes the 
length of the esophagus involved bv the 
growth, and at the same time delivers as 
small a dose as possible to the more sensi- 
tive of the normal structures in the thorax. 
As shown in the introduction, the length 
of esophagus involved may be considerable 
and is nearly alwavs greater than that indi- 

cated by roentgen examination. To obtain 
aw adequate tumor dose multiple fields 
must be used, and it is clear that long nar- 
row #elds will give the best distribution. 
Levitt used five to eight fields measuring 
16.5 X 5 cm. At first he spaced these fields 
widely around the chest wall but found that 
a difffise fine fibrosis of the lungs with 
spasmodic cough and dvspnea resulted. To 
avoid this he either concentrated his fields 
round one side of the chest to limit the 
fibrosis to one lung or placed them all near 
the midline to avoid the lungs as far as pos- 
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Fic. 3. Model of the average patient showing the 
relative positions of the cross sections in Figure 2, 
and the shape and position around the esophagus 
of the 140 per cent isodose surface. 


Roberts? used fields measuring 
15 X2.5 cm., sometimes employing as many 
as twenty-six of these strips arranged round 
the whole thorax. 

The first few cases in the present series 
were treated with four fields, two in front 
and two behind, placed close to the midline 
and measuring 11 X7 cm. It was found that 
this number of fields was too few as 
severe skin reactions were produced and too 
large a volume of tissue received the high 
dose. The fields wére also too short in some 
cases for although local tumor regressign 
occurred extension took place below the 
treatment field level. After discussions with 
other radiotherapists it was decided to use 
fields measuring 20 X 4 cm. (ds — 7.5 cm.). 
A number of arrangements of fields of this 
size were tried and the distribution due to 
them in the central plane determined. From 
a study of these distribution charts the 
following scheme was adopted. 

Six fields were emploved arranged in 
three sets of directly opposing pairs: a 
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' direct anteroposterior pair and two oblique 
| pairs near the midline. The center of each 
anterior oblique field was placed 6 cm. from 
the center of the direct anterior field. The 
position of the posterior fields was such 
| that the central ray of each directly oppos- 
\ ing field pair passed through the tumor. 
Mid-plane distribution. charts are of 
value in helping to decide on an arrange- 


6 Fi&LOS ~ 5a 4 Yrs 


Central Plane 
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distribution due to these fields is pe 


in Part II. The distributions were drawn in, 
several parallel horizontal planes on cross 
sections obtained by taking an average of 
the dimensions of all the patients wifh can- 
cer of the esophagus who had been treated 
during the past two years. e 

From a study of the three-dimensional 
distribution it was clear that the arrange- 


400 KV PEAK 
80 ¢’/ms FSO 
HVL. 3-7 M/m. Cu. 
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Fic. 4. Central plane distribution for conditions similar to those shown in central plane Figure 2, with the 
exception that the length of the fields is reduced from 20 cm. to 15 cm. 


ment of fields but do not'give the necessary 
inéormation as to the distribution of the 
radiation in planes above and below this 
level. To decide finally on the best arrange- 
ment of fields, it is necessary to determine 
the complete fhree- dimensional or volume 
distribution on the lines of those alreadv 
published by  Honevburne, Lamerton, 
Smithers and Mayneord. While this is a 
comparatively simple matter for arrange- 
ments of circular fields it becomes more 
complicated when strip fields are used. The 
method adopted in obtaining the volume 


ment of six strip fields already described 
fulfilled most of the requirements laid down 
at the beginning of this section. It was 
found that the fall off in dose at th&mid- 
point in planes above and below the center 

was of little consequence until a level just 
short of the length of the fields was reached. 
This is due to the fact that the Rodose 
curves for each field are remarkably flat 
over the greater part of their length (see 
Fig. 17). This again is partly due to the 
high voltage (400 kv.) and also to the use of 
a long focal skin distance (80 cm.) which 
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ods already described by Mayneord.? It is 
found that a 20X4 cm. field (400 kv., 
peak, 80 cm. focus-skin distance, 3.7 mm. 
Cu half-value layer) contributes approxi- 


Plano 6 cms,Up 


from Centre 







Central 
Plane 


Plane 6 cms,Down 
rom Centre 


Fic. 6. Distribution in three planes with conditions 
similar to those shown in,Figure 5, but with center 
of the anterior oblique fields 7 cm. instead of 6 cm. 

* from the midline. 

Six fields, two 15 X6 cm., four 15 X4 cm., 400 
kv. (peak), 80 cm. focus-skin distance, 3.7 mm. Cu 
half-value layer. 4, plane 6 cm. up from center; B, 
central plane; C, plane 6 cm. down from center. 


mately 1,100 gram-roentgens per roentgen 
on the surface, a 15 X6 cm. field 1,310 and 
a 15X4 cm. field only 770 gm-r each for 
total absorption. The six 20X4 cm. fields 
therefore give in all 6,6co gm-r per roent- 
gen as opposed to 5,700 gm-r for the four 


15X4 cm. plus two 15X6 cm. fields. In 
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the “average patient” a minimum tumor 
dose of 6,000 r with the 20X4 cm. fields’ 
gives an “integral dose” of 28 megagram- 
roentgens, and with the 15X4 and 15X6 
cm. fields 24 megagram-roentgens 


3. Localization, fixation and beam direc- e 


tion. The first step when the diagnosiseis 
confirmed and the patient well enough for 
treatment is to localize the tumor. For this 
purpose we have adopted the method de- 
scribed by Roberts.” The tumor is lo- 
calized by aligning it between two points 
on the surface in several planes using the 
fluoroscopic screen. The tumor is located by 


5 


barium in the esophagus and thee skin 49 


marked by a lead cross on one side of the 
chest and a lead ring on the other. The 
anteroposterior positions are marked first, 
the anterior lead ring is then moved 7 cm. 
to one side and the position for the cor- 
responding posterior oblique field found, 
and then 7 cm. to the other side and the 
process repeated. Two details are of impor- 
tance: first, the beam of roentgen ravs 
must be horizontal, and second, the shut- 
ter must be closed down to a small aperture 
so that only the narrow central beam is 
used and distortion avoided. The six points 
are then marked on the skin. The disad- 
vantage of skin markings is that their posi- 
tion relative to the tumor may change with 
position of the patient. In the present case 
this is particularly likely to occur when 
marks are placed on the skin over the verte- 


bral borders of the scapulae. It is therefore} 


important to screen the patient in that 
position in which he will be treated, prefer- 


ably on the treatment couch itself. As the 


barium outlines the upper limit of theeob- 
struction it is a point towards the upper 
end of the tumor that is localiz&d. The 





fields are therefore applied so that one- | 
third of their length extends above this | 
oints of! 


level and two-thirds below. The 
entrance and exit of the central rav of each 
beam falls 2.5 cm. below the skin marks. An 
attempt 1s made to outline the lower limit 
of the tumor (Fig. 10) but this is not re- 
garded as giving a verv accurate indication 
of 1ts extent. 


A 


^ 
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6 
have been adopted for this purpose. It was 
& once obvious that the length of the fields 
could be reduced without loss of efficiency 
in irradiating the primary tumor and with 
a gain IP so far as the total energy absorp- 
tion in the patient, the "integral dose," 
weuld be less. The volume distribution also 
showed that instead of the desired cvlinder 
of high dosage around the tumor this vol- 
ume was seriouslv flattened from side to 
side; in other words, the dose fell off rap- 


6 FELDS ~ ELS. “ms 
4/6 x4 6 / ms 


(Centre of anterior ob'que 
fields 6 5. From Mid - Line) 
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e . è 
rangements otherwise preserved (Fig. 4). 
Then the width of the two central fields 
was increased to 6 cm. to broaden the cen- 
tral high dose region (Fig. 5). Finally the 
centers of the two anterior oblique fields 
were moved out to a position 7 cm. from 
the midline on either side (Fig. 6). A study 
of these distribution charts shows the 
reasons for these steps and the advantages 
of the final arrangement selected. 

The arrangement of fields now adopted, 
400 Kv PEAK 


80 cms FSO 
HUL. 3-7 "/m. Cz. 


cms. 


Fic. §. Central plane distribution as in Figure 4, but with the width ef the two central 
fields increased from 4 cm. to 6 cm. 


LJ 
idly on either side of the mid-point of the 
tumor Hig. 2). Figure 3 shows the relative 
positions of the cross sections in Figure 2, 
and the shape and position around the 
esophagus of the 140 per cent isodose sur- 
face. 

In order to correct these points and yet 
not increase the dose to the lungs the dis- 
tributions due to new arrangements and 
sizes of field were determined. First the 
length was reduced to 15 cm. but the ar- 


therefore, is as follows: six fields in three 
directly opposing pairs; an anteroposterior 
pair measuring 15 X6 cm. each (d! =7.9 
cm.) and two oblique pairs measuring 
15X4 cm. each (dV; 27.1 cm.); fields so 
arranged that the center of each anterior 
oblique field is 7.0 cm. from the midline 
and the central rays from all six fields meet 
at the center of the tumor. 

The total energy absorption in the differ- 
ent techniques may be calculated by meth- 
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down. If the patient is to be treated sitting 
up he must be fixed rigidly and yet sup- 
ported in comfort. I have designed a 
roentgen therapy couch intended for use 
with patients having treatment to any part 
of the body. It is a modification of the 
"Panapoise" treatment table made by the 
Medical Supply Association. When the 
thorax 1s to be irradiated, axillary crutch 
supports and a webbing band are attached 
on either side and can be adjusted inde- 





Fic. 8. Patient in position for treatment to the cen- 
tral anterior field, showing collineator and treat- 
ment couch. 


pendently (Fig. 8). The axillary supports 
prevent lateral movement and a slight tilt 
of the seat prevents the patient slipping 
forwards. The webbing band passes round 
the patient above or below the skin marks 
and gives added support without inter. 
fering with free access to the whole thorax. 
* The accurate direction of the roentgen- 
ray beam is realized by the use of Mayne- 
ord’s collineator." When the patient is 
placed in position (Fig. 8) so that the hole 
in the center of the applicator falls 2.5 cm. 
below one skin mark and is then rotated 
until the beam of light from the collineator 
falls 2.5 cm. below the opposing mark, the 
conditions that pertained when the marks 
were fixed at screen examination are repro- 
duced. The collineator lamp is operated by 
a switch in the control room so that it can 
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be turned on frequently during treatment 
to see that the position has been mays 
tained. 

4. Scheme of irradiation. 1t is not possible 
to go through the lengthy process 9f deter- 
mining the complete volume distribution of 
the radiation in every case. The main funt- 
tion of volume distributions is to determine 
the best standard arrangement of fields for 
a particular group of cases. Having decided 
this, it is then only necessary to determine 
the maximum and minimum tumor dose as 
accurately as possible for each case. For 
this purpose the cross-section diagram al- 
ready referred to is used. The central plane 
isodose curves (Fig. 21) are placed in posi- 
tion on this chart for each field and the dose 
at the point of intersection of the central 
rays calculated. This represents the maxi- 
mum tumor dose. It is not possible to deter- 
mine the minimum tumor dose with the 
same degree of accuracy as the exact extent 
of the tumor is not known. From the vol- 
ume distribution charts it can be seen that 
the central high dose region extends along 
the length of the esophagus sufficiently to 
include all probable local spread. The dose 
falls off laterally on either side of the central 
point more rapidly than it does in an an- 
teroposterior direction so that the mini- 
mum tumor dose will occur in this region. 
We have selected an arbitrary point situ- 
ated 2 cm. laterally from the tumor center 
and the dose is determined at this point also 
in every case. This dose is stated as the 
minimum tumor dose in the present series. 
It indicates that the dose to the tumor is 
greater than this at every point provided 
that the tumor is not more than 4 êm. 
broad at its center and falls withingthe iso- 
dose surface receiving this dose in the 
planes above and below the central plane. 
We believe this to be an adequate repre- 
sentation of the minimum tumorgdose in 
the great majority of cases and to represent 
an under-statement in some instances. 


A treatment is given to all six fields each | 


day. All fields are irradiated daily so that 
not only is an even total tumor dose given 


but also an even daily tumor dose. The. 


VOL. 49, Yo. § 
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A cross-section drawing of the patient’s 
West is then made. Metal strips molded 
around the chest do not give a sufficiently 
accurate outline so a special apparatus was 
designet by Professor W. V. Mayneord for 
this purpose. This apparatus (Fig. 7) 1s 
similar to one previously described bv 
Martin.?" [t consists of a rectangular metal 
frame hinged at the center of one short side 
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on the cross-section drawing, and joined by 
lines representing the central axes of the 
beams of radiation. If the procedure has 
been carried out accuratelv, the three lines 
should all intersect at one point, the cen- 
ter of the tumor. This is the first check on 
accuracy. The distance between the points 
of entrance and exit of each beam is meas- 
ured on the patient with calipers and 





lic. 7. Apparatus used to obtain a cross section drawing of the chest at any level. 


and Joined by a catch at the center of the 
opposite side. This frame carries a number 
of emall metal rods which pass through it 
horizontally on all four sides. The frame 
can befopened, placed around the patient 
at the required level, and closed again. The 
metal rods are then pushed inwards until 
they just touch the skin around the whole 
chest sifrface. The catch is released and the 
frame opened and removed. The frame is 
now closed again and placed over a draw- 
ing board so that the outline of the chest 
at that level can be transferred to paper. 
The position of the skin marks are placed 


checked on the drawing. A lateral roent- 
genogram of the chést is taken with barium 
in the esophagus at a distance of 6 feet anel 
the position of the tumor in an anteropos- 
terior direction found. This is again checked 
with the position of intersection of the lines 
on the drawing. This cross-section is then 
used to determine the tumor dose due to 
a combination of the six fields selected in 
this particular patient. 

In order to ensure accurate beam direc- 
tion the patient is treated in the sitting 
position. Slight degrees of rotation of the 
patient may pass unnoticed if he is lying 
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treatment ‘is given each week day over a 
Wiod of five to seven weeks. Daily frac- 
tional treatment over a period of approxi- 
mately six weeks has been adopted in the 
present State of our knowledge as being that 
which offers the best chance of success. It is 
t& be hoped that we may later arrive at a 
stage when we can select the appropriate 
spacing of our fractional irradiation ac- 
cording to the histological structure of the 
tumor. Thus we may hope to obtain the 
maximum tumor effect in every case. Daily 
irradiation has been adopted for the pres- 
ent with the dose given each day remaining 
consfant or rising towards the end of treat- 
ment in the case of the more highly differ- 
entiated tumors. 

The majority of the cases in the present 
series have been treated with a Victor (400 


kv., peak) "Maximar." The filtration was- 


0.22 mm. Sn with 1.7 mm. Al added, the 
inherent filtration being equivalent to 2.0 
mm. Cu, the half-value laver of the radia- 
tion being 3.7 mm. Cu. The focal skin dis- 
tance was 80 cm. The dosage rate on the 
skin surface was about 10 r/min. and at the 
tumor center about 3 r/min. The daily dose 
to each field is so arranged that if treatment 
is uninterrupted the tumor dose will be 
between 6,000 and 7,000 r in six weeks. In 
the average case this means a daily dose per 
field of 100 r. Any air spaces between por- 
tions of the applicator and the chest wall 
are filled in with rice bags. Each treatment 
is plotted on a graph showing the variation 
of dose with time and plotted daily (see 
upper part Fig. 1). These graphs show the 
maximum and minimum tumor dose given 
antl the shape of the curve of dose with 
time. 

5. Care of the patient after treatment. 
Within a week or two of the cessation of 
treatment the barium filled esophagus 1s 
examingd on the screen and a roentgeno- 
gram taken for comparison with the orig- 
inal and subsequent films. This examina- 
tion Is repeated six to eight weeks later. By 
this time the reaction has subsided in most 
cases and an esophagoscopy may be per- 
formed. In a successful case the first eso- 
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phagoscopy following treatment may show 
some edema and small areas of flat ulcera- 
tion but later examinations show only a 
thin white scar. Thick scars forming ob- 
struction are not seen but some general con- 
traction may take place. If there is the least 
tendency to this fibrotic constriction care- 
ful and repeated dilatation should be under- 
taken. The higher the tumor in the esoph- 
agus, the more frequently does dilatation 
appear to be required. An esophagoscopy 
is performed every few months or at any 
time that untoward symptoms appear. A 
portion of any suspicious area may be taken 
for biopsy at any of these examinations. 
A roentgen examination is carried out from 
time to time as a check and the patients 
are weighed regularly. 


4. Postcricoid Tumors of the Pharynx and 


Tumors of the Cervical Esophagus. 


The points referred to in the description 
of the treatment of tumors of the thoracic 
esophagus apply also to tumors of the up- 
per and lower limits of the organ with the 
exception of the arrangement of the fields. 
Tumors of the upper limit of the esophagus 
lie nearer the anterior than the posterior 
surface at a level where the thorax 1s 
flattened anteroposteriorly. Tumors in this 
region do not tend to spread so rapidly or so 
extensively along the length of the esoph- 
agus as do those arising at a lower level. It 
is not, therefore, necessary to use as many 
as six fields or to employ long strips. Four 
small strip fields 10 X6 cm. may be used on 
either side of the midline, two in front and 
two behind, the posterior fields being fur- 
ther from the midline than the anterior, & 
the tumor is nearer the front than the back. 
This gives a good distribution so far as the 
primary tumor is concerned but owing to 
the curvature of the base of the neck it is 
difficult to set these fields accurately or 
closely in contact with the skin. For this 
reason and also because it includes the 
lymph nodes at the base of the neck we 
have adopted the following arrangement. 

A directly opposing anteroposterior pair 
of fields measuring 10 X6 cm. is arranged ( 
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so that the two central ravs pass through 
the tumor. Two 7 cm. diameter circular 
helds are placed on either side of the neck 
in the same anteroposterior plane as the 
tumor but angled downwards and inwards. 
The central ravs of these two beams meet 
at a point Just below the tumor so that the 
region of high dosage due to them falls at 
the tumor level. The distribution is worked 
out for each individual case as they vary 
widelv. For this purpose a plaster mask is 
made of the patient's neck and shoulder 
regions and the dose from the four fields 
determined on an improved form of Mayne- 
ord's "dose finder."? The position of the 
helds is finally fixed on the mask and the 
angle on the tube adjusted so as to repro- 


duce this position on the patient. The an- | 


teroposterior fields are aligned with the col- 
lineator as before. 


Tumors of the Abdominal Esophagus and 
of the Cardiac End of the Stomach Involving 
the Esophagus. 


As already stated, the main difficulty in 
giving an adequate dose of roentgen rays to 
a carcinoma of the esophagus is the con- 
stitutional effects produced, especially the 
leukopenia. With tumors in the region of 
the cardia this difficulty is increased as both 
the liver and spleen will be irradiated. As a 
result, an adequate tumor dose has seldom 
been given in the past and the results have 
been so disappointing that the method has 
practically been abandoned for tumors in 
this situation. Regelsberger? succeeded in 
getting relief of symptoms, gain in weight 
and disappearance of occult blood in the 
Stools in 60 per cent of cases of inoperable 
gastric cancer. Of 35 patients treated by 
him 6 survived more than a year and 2 of 
them were still alive three years after treat- 
ment at the time of his report. Merritt?! 
treated 13 patients and 3 were alive, well, 
and symptom free at the time of his report. 
Patients with tumors in this region are 
sometimes treated bv the implantation of 
radon seeds with marked tumor regression 
and relief of symptoms. There is no doubt 
that many of these tumors are moderately 
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radiosensitive. We have Decii recentlv 
attempted to treat with roentgen rayge 
few patients with gastric carcinomata situ- 
ated at the cardia and involving the esoph- 
agus. " 
Tumors at the lower limit of the esoph- 
agus are to the left.of the midline and form 
a more rounded tumor mass than those in 
the thoracic esophagus. The arrangement ` 
of fields used has either been four fields 
10X10 cm. in two directly opposing pairs 
or more recently six fields measuring 10 X6 
cm. in three pairs. The treatment was car- 
ried out in the same way as for the thoracic 
tumors and, although it was not ofter? pos- 
sible to give so high a dose, a minimum 
tumor dose of 5,000 r in six weeks was 
reached in several cases. : 


Account of the Cases of Carcinoma of the 
Esophagus Seen at the Royal Cancer Hos- 
pital from 1936 to 1939. 


This report is concerned chiefly with 66 
patients referred to the roentgen depart- 
ment but in order to indicate how far these 
represent a selected group the hospital rec- 
ords were examined and a further 49 cases 
found. Table vı shows the distribution of 
these cases according to site of the tumor. 

Eight of the 10 cases of postcricoid car- 
cinoma not referred to the roentgen depart- 
ment received teleradium treatment. Ten 
of the remaining patients not referred for 
roentgen treatment were treated with a ra- 
dium bougie and g with radon seeds, 3 were 
operated on and 19 had no treatment or 
merely a palliative gastrostomy. Of the 66 
patients referred to the roentgen depart- 
ment treatment was attempted in 54 and 
completed in 40. The distribution ef these 
patients according to the site of the tumor 
and the immediate response to treatment is 
given in Table vu. 

Only 4 patients who completed their 
treatment noticed no improvement; all had 
tumors in the middle of the esophagus. 
Three patients received partial relief of 
symptoms without completing their treat- 
ment, 1 had a tumor in the middle third 
and 2 in the lower third of the esophagus. 
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b 4 Taste VI 
vue 
` DISTRIBUTION OF ALL 1936-1939 CASES ACCORDING TO THE SITE OF THE TUMOR 
p coid Tumors of Esophagus Tumors of 
* E etii — Stomach In- Total 
| ee | Upper Middle | Lower | ‘volving the ota 
| SRM Third Third Third ^ Esophagus 
LJ 
Not referred to roentgen 
department 10 4 16 6 I 3 | 49 
Referred to roentgen de- 
partment 4 8 | 54 9 II 66 
Total 14 12 | 50 15 | 24 11S 
Male 2 10 36 12 21 81 
Female 12 2 14 3 3 34 
e. 


Three patients had alreadv received some 
roentgen treatment elsewhere, 1 was too ill 
to treat at all, 1 had two weeks' treatment 
and died one week later, the third had only 
had a very small dose one month before 
and completed treatment with some relief 
of symptoms. No patient was said to have 
had a partial relief of symptoms unless his 
swallowing definitely improved and he 
gained weight. With the exception of cases 
of carcinoma of the stomach no patient was 
considered to have completed treatment 
who did not receive a minimum tumor dose 
of at least 5,coo r. For those who com- 
pleted treatment the shortest treatment 
period was thirty-five days and the longest 
118 days, the great majority were treated 
in from forty to fifty davs. 


Of the 12 cases that were not treated, 3 
were lost sight of, the remaining g lived an 
average of 2.6 months. Of the 14 that did 
not complete treatment, 2 were lost sight 
of, the remainder lived an average of 2.5 
months. 


Results of Treatment. 


1. Postcricoid tumors. The majority of 
cases of postcricoid carcinoma were referred 
to the radium department and treated with 
teleradium. Of the 4 cases treated by roent- 
gen rays 2 already had cervical lymph node 
involvement and 1 had started teleradium 
treatment when war was declared and was 
then transferred to the roentgen depart- 
ment. This last patient had nearly two- 
thirds of her treatment bv teleradium; 


Tase VII 








CASES REFERRED FOR ROENTGEN TREATMENT 1936-1939 





| 


Postcricoid || 


- Tumors of 
, Pharynx 
Total | 4 
Male O 
Female 4 
Treated @ 4 
Completed treatment 3 
Average duration of symptoms 
before admission in months 4.2 

Symptoms not relieved | 
Symptoms partially relieved | 

: 


Symptom free 

















Tumors of Esophagus | Tumors of 








ne | Stomach In- p 
Upper | Middle | Lower | volving the | TOt% 
Third | Third Third | Esophagus 
; 34 | 9 11 56 
6 = 135 > ja 
2 9 I O ő 
: - : 6 54 
5 i 6 5 40 
e. 
4.3 | 4:9 | Fg | 8.4 
3 9 2 | O 15 
5 4 23 
4 7 I 2 16 
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Tase VIII S 
w 
RESULTS OF TREATMENT IN CASES OF CARCINOMA OF THE STOMACH Ø 
INVOLVING THE ESOPHAGUS 
Length of Symp-| Time between s 
A toms before Ad- | Treatment and Treatment Given Sub H: 
cnm mission in Death in (Tumor dose) MESES SMSO 
Months Months 7 

60 9 6 | 2,000 r in 23 days Died at home 

60 12 8 §,500-$,100 rin 40 days | Marked improvement followed by 
return of symptoms increasing 
weakness and death 

64 4 4 | §,800-5,300 rin 39 days | Slight improvement in symptoms. 
Died with metastases e 

69 2 3 5,800-4,900 rin 46 days | Slight improvement in symptoms. 
Died 

50 12 Alive §,300-4,700 rin 44 days | Alive and symptom free 1 year and 
2 months after treatment 

£1 12 Alive 5,500-4,300 rin 47 days | Alive 1 year after treatment with 
some difficulty in swallowing 
solids 


when last seen fifteen months after treat- 
ment she was symptom free with no sign of 
any recurrence. Of the 2 patients with cer- 
vical lymph node metastases 1 had to have 
a gastrostomy, failed to complete her treat- 
ment owing to weak condition and dyspnea, 
and has not been heard of since; the other 
completed treatment. In this patient the 
hard lymph nodes palpable on both sides 
of the neck subsided and swallowing was 
much improved; she was alive and well 
when last seen six months after treatment 
but had required occasional dilatation. The 











I patient with no palpable lymph nodes 
treated solelv by roentgen irradiation was 
sent by Mr. R. Scott Stevenson and dis- 
cussed by him at the Section of Larvngol- 
ogy of the Roval Society of Medicine previ- 
ously.*° [t was not possible to obtain a piece 
of the tumor for biopsy to confirm the di- 
agnosis histologically in this case. The pa- 
tient aged seventy-six lived for seventeen 
months free from symptoms and died of 
intercurrent disease without any sign of re- 
currence. 

2. Tumors of the stomach involving the 











Tarts IX n 
RESULTS OF ROENTGEN TREATMENT OF 32 PATIENTS WITH CARCINOMA OF THE ESOPHAGU® 
Upper Third | Middle Third | Lower Third Total 
No. of cases $ 21 32 
No. dead 2 19 5 %26 
Average time from onset of symptoms to 
death in months e 9 13.2 i" 3 12.9 
Average time from treatment to death in 
months [A 8.5 [2.5 8.5 
No. alive E 2 I | 6 
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TABLE X 
~ DETAILS OF THE 6 PATIENTS STILL LIVING FOLLOWING ROENTGEN TREATMENT 
FOR CARCINOMA OF THE ESOPHAGUS 
P Survival | Survival 
Period Period 
Age at Be- Patho- | Position from Onset from - ; 
D 
No. | Sex | ginning of logical of pode of Symp- Treat- €— Ar eig 
Treatment Report Tumor | oag toms Till | ment Till 2 m e 
Last Seen, | Last Seen, 
in Months | in Months 
1 |M 56 Grade | Upper | 7,200rin 50 48 Symptom free 
fungating | third 118 days 
squamous 
cell 
carcinoma 
2 |F 64 None Middle | 6,900- 37 42 Has attacks of dys- 
third 6,300 rin phagia at times. Was 
39 days never dilated 
3 IM 64 Grade 4 Lower | 6,900- 32 27 No difficulty in swal- 
squamous | third 6,500 rin lowing. Admitted to 
cell 41 days another hospital and 
carcinoma getting weaker 
(basal cell 
type) 
4 IM 61 Grade 2 Upper | 6,400- 32 29 Symptom free 
intra- third 5,800 r in 
epithelial 39 days 
squamous 
cell carci- 
noma 
e |E "ue Grade 2 Upper | 5,500- 16 13 Not seen since April, 
squamous | third 5,200 rin 1940. Was then symp- 
cell carci- 30 days tom free and had no 
noma sign of growth on 
esophagoscopy 
6 IF 74 Grade 2 Middle | 6,400- 15 14 Symptom free 
. . € 
squamous | third 56,3oorin 
M cell carci- | 43 days e 
noma 








Average length of symptoms before treatment 3.2 months. All showed more or less widespread invasion of submucous tissue. Sub- 
mucous lymphatic invasion seen in Cases 4 and 6. Cases 1, 4 and 6 have had a recent esophagoscopy performed without any sign of a 
tumor being observed. 


esophag@s. Six patients were treated in this 
group, I failed to complete treatment, 1 is 
still alive but has had a return of symp- 
toms, and r is alive and symptom free. This 
last patient showed no sign of growth when 
given a barium meal or esophagoscoped. 


The results of treatment in this group are 
shown in Table vir. 

3. Tumors of the esophagus. Fifty-one pa- 
tients with carcinoma of the esophagus 
were referred for roentgen treatment, 44 
were treated and 32 completed their treat- 
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Fic. 9. Carcinoma of the upper third of the esophagus before treatment and six 
months after treatment (Case 4, Table x). 


ment. These 32 were divided into 5 with year or more after treatment and 1 lived 
the main part of the tumor in the upper more than two years. Three who died with 
third of the esophagus, 21 in the middle metastases were known to have had no re- 
third, and 6 in the lower third. The results turn of symptoms, and 4 others who were 
of treatment are shown in Tables ix and x. never symptom free could swallow semi- 

Eight of the patients who died lived a solids to time of death; in 2 of these an 





Fic. 10. Carcinoma of the middle third of the esophagus before and after treatment. Patient 
swallowed normally until she died one year and two months later with metastases. 






esophagoSg performed shortly before 
Wath showed no evidence of local growth. 
Of the 25 patients in this group who died, 
IO were known to have developed metas- 
tases, 3 were known to have died following 
perforation, and in 13 the only information 
feceived was the date of death. 

Figures 9-12 show roentgenograms of 
some of these patients before and after 
treatment. Figure 13 shows the roentgeno- 
grams and postmortem specimen of another 
case of considerable interest. Despite the 
length of esophagus irradiated, extension 
took place at the level of the upper and 
lower limits of the treatment fields. 

From these tables it can be seen that 1 
patient is alive and well four vears after 
treatment. This patient was treated by Dr. 
S. B. Nowell who was at that time working 
in the roentgen department of the Royal 
Cancer Hospital. Three other patients are 
alive and well more than two years after 
treatment. One has gained as much as two 
stone in weight. 

Figure 14 shows the effect of treatment 





Fic. 11. Carcinoma of the middle third of the esoph- 
agus before treatment and three months after 
treatment (1940 case). 
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Fic. 12. Carcinoma of the lower third of the esopha- 
gus before treatment and eight months after treat- 
ment (Case 3, Table x). 


in the whole group of 32 patients. Of 44 pa- 
tients treated 30 obtained some relief of 
symptoms and 11 complete relief. Of 15 pa- 
tients treated during the first half of 1940, 
7 have obtained some relief and 7 are symp- 
tom free. 

There has been no case which has de- 
veloped fibrosis of the lungs. Skin reactions, 
with the exception of one or two of the early 
cases, have been mild erythemas only. 
There has been no sign of cardiac damage 
in any of the patients treated. In only 1 
case was there any damage to normal tis- 
sues which might be attributed to the effect 
of the roentgen irradiation. This patient 
(Case 4 in Table x) developed a lesion in his 
spinal cord one vear and three months after 
treatment. He wąs examined by Dr. C. 
Worster-Drought who made the following 
commentary: “The neurological syndronfe 
found is one of Brown-Séquard syndrome 
and results from a unilateral lesion in the 
left side of the spinal cord at the level of 
the third and fourth thoracic segment. The 
lesion is intramedullary and there is no 
block in the spinal subarachnoid canal. The 
lesion can pnly be one of intramedullary 
gliosis, 1.e., spinal gliosis which may or may 
not be an early stage of syringomyelia.” 
The cerebrospinal fluid was normal and the 
Wassermann reaction negative. The level 
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Fic. 13. Carcinoma of the middle third of the esophagus showing eradication of tumor at the site of ob- 
struction and submucous extension of the growth above and below the level of the treatment fields. 
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RESULTS OF TREATMENT OF THE 32 CASES OF CARCINOMA OF THE OESOPHAGUS THAT COMPLETED TREATMENT 
BETWEEN 1936 & 1939 FULL LINES INDICATE PATIENTS DEAD, BROKEN LINES INDICATE THOSE ALIVE. 
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liG. 14. Results of treatment in those patients who received a full tumor dose between 1936 and 1939. 
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of the le as in the previously irradi- 
«ted region and it was calculated that the 


spinal cord at this point received a dose of 


5,800 r in thirty-nine days. 

The*final modifications of the treatment 
techniques described were put into full 
eperation at the beginning of 1940. Table 
xI gives the details of the 20 patients in this 
group who have been seen during the first 
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four years and eight months from treat- 
ment. Case 3 died two vears and four 
months after treatment with metastasis but 
no sign of local recurrence. Case 5 died 
eighteen months after treatment from in- 
tercurrent disease without any return of 
symptoms. Case 6 died eighteen months 
after treatment with metastasis and return 
of dvsphagia. 


TABLE XI 


CASES REFERRED FOR ROENTGEN TREATMENT DURING THE 





FIRST SIX MONTHS OF 1940 





















































e | NONIS Tumors of the Esophagus Tumors of 
e : | Siu; —— — | the Stomach 
l'umors of Upper | Middle | Lower | Involving the Total 
| the Pharynx third third third Esophagus 
Total 3 2 5 5 5 20 
Male O 2 5 4 4 I5 
Female 3 O O I I 6 
Treated 2 2 3 4 ü 15 
Completed treatment 2 2 3 4 " 14 
Average duration of symptoms 
before admission in months 8 2 2.8 ái 6.4 
No relief of symptoms O O O O I I 
Symptoms partially relieved $ O I | 4 O 7 
Symptom free O 2 2 O 3 7 
six months of the year. It is too soon to PART II 
comment on anything but the immediate 
" pa AN ACCOUNT OF THE PHYSICAL MEASURE- 


symptomatic response in these cases. The 
fact that only one failed to complete treat- 
ment and that this was the only one who 
obtained no relief of symptoms 1s an en- 
couraging sign. This patient died in one 
month with metastases in the liver. Of the 
§ patients who were not treated, 3 are 
known to have died in less than one month 
aga the other 2 had metastases when first 
seen. In 1 case there was a large fixed mass 
of M lymph nodes and in the other 
multiple secondary deposits were visible in 
a chest roentgenogram. 

This paper was completed in December, 
1940, But owing to war conditions was not 
despatched for publication until April, 
1941. At the time of correcting the proofs 
(March, 1943) Cases 1, 2 and 4 in Table x 
were still alive and svmptom free at six 
years and three months, five years, and 


MENT OF THE VOLUME ROENTGEN-RAY 
DOSAGE DISTRIBUTION DUE TO 
ELONGATED FIELDS 


By J. R. Clarkson and J. A. Strong 


Introduction. The study of the distribu- 
tion of dosage throughout the irradiated 
volume in certain selected methods ef 
roentgen or gamma-ray therapy has lately 
been undertaken at the Royal Cancer Hos- 
pital (Free) and results have already been 
published. The methods described are ap- 
plicable to fields having an axis of sym- 
metry and require that a three-dimensional 
isodose surface system may be constructed 
by rotation of the normal plane diagram 
about that axis. In the present case where 
the treatment is carried out by the use of 
elongated rectangular fields these methods 





Fic. 15. Position of the reference planes with respect 
to the 20 X 4 cm. applicator. 


are not applicable. The method of investi- 
gation adopted was to make dosage meas- 
urements throughout the whole volume ir- 
radiated by such a field and to construct 
dose contour diagrams in planes normal to 
the surface, afterwards combining the re- 
sults for each of the six fields in the ap- 
propriate positions to obtain a diagram of 
the complete dose distribution at certain 
planes in the bodv. 

In Figure 15, the outline of the applica- 
tor 20 cm. long and 4, cm. wide is repre- 
sented bv a rectangle lving on top of the 
cardboard sheets ÆBC and DEF. The 
dotted lines represent the geometrical limits 
of the irradiated volume in these planes. 
The plane ,7BC at right angles to the sur- 
face of the applicator and parallel to the 
shorter axis of the field is called the central 
plane. The plane DEF is called the longi- 
tudinal plane. Dose contourg were con- 
structed for the central plane and for planes 
parallel to it, but distant 5, 8, 10, 11 and 12 
cm. from it on either side. The measure- 
ments of dosage were made in a water 
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phantom of dimensions 
cm. 

Apparatus and Measurement Technique. 
The treatment of carcinoma of the esopha- 
gus is carried out at the Royal Canctr Hos- 
pital (Free) with a tube excited by 400 kv. 
pulsating tension, found with the filters 
used (0.22 mm. Sn+2 mm. Cu+1.7 mm. 
Al) to be equivalent to 350 kv. constant 
potential. The results described here were 
obtained in the physics department using 
this constant potential and filter. The half- 
value layer of the radiation was found to be 
3.7 mm. Cu, identical with that of the radi- 
ation used in the treatment. 

The cylindrical ionization chamber em- 
ployed was of ; mm. internal diameter and 
5 mm. internal length made of “Aerion.”’ 
This, and the measuring system have been 
previously described,’ but certain modifica- 
tions were introduced to permit of move- 
ment of the chamber in three directions. A 
further section of "Tombac" tubing was 
introduced into the evacuated conduit 
carrying the connection to the chamber 
electrode and also a fulcrum to provide a 
fixed point approximately 4 meters from 
the chamber about which the latter could 
move. The fulcrum consisted of a square 
aperture in a brass plate, allowing the lead 
to slide fairly freely but not permitting 
lateral or vertical movement at that point. 
As previously described, the lead was sup- 
ported near its center in a block movable 
in two directions and lateral or vertical 
movement of the point of support could be 
read from vernier scales while longitudinal 
movement was read on a scale attached to 
the lead and moving past an edge on the 
support. With this arrangement w&en the 
point of support was moved laterally or 
vertically, the chamber moved in circular 
arcs about the fulcrum as center, while 
longitudinal movement by sliding the con- 
necting lead was necessarily accompanied 
by a slight change in level except in the spe- 
cial case where the point of support was in 
the same horizontal line as the fulcrum. Be- 
fore commencing measurements of depth 
dosage the rectangular coordinates of the 
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center o mber were determined for 
a range of pOSitions of the three scales, us- 
im squared paper set accurately horizon- 
tallv or vertically and wire pointers on the 
movabée lead. By graphical interpolation 
the precise position of the chamber in the 
feld was known for any setting of the 
scales. Bv the use of cross threads mounted 
on the limiting diaphragm of the beam and 
immediately above the surface position of 
the chamber in the phantom, and also a 
marker on the bottom of the water phan- 
tom, the tube focus, center of field at sur- 
face, and center of chamber were put accu- 
rately into vertical alignment. The field was 
limited to 20 X4 cm. by an aperture in a 
lead diaphragm distant 55 cm. from the 
focus, the total focal distance to the water 
surface being 80 cm. The aperture size 
could be adjusted bv sliding lead strips ap- 
proximately 1 cm. thick. Having been set 
bv calculation, the size was checked roent- 
genographically. The alignment was also 
periodically checked roentgenographically. 
In measuring depth doses on the central 
axis of the field, the longitudinal displace- 
ments which resulted as the chamber was 
lowered were corrected at each step. For 
other axes the chamber was allowed to 
move in circular arcs and the position at 
each setting found from the preliminary 
measurements of coordinates. The slight 
rise that accompanied a movement of the 
chamber on the surface—never more than 2 
mm.—was invariably corrected so as to 
give true surface readings with half the 
chamber immersed. 

Before commencing a set of readings it 
we confirmed by closing the aperture with 
lead and attempting a measurement of 
irdk nn in the surface position that the 
stray radiation recorded was negligible. 
During the early measurements it was 
found that after a time a serious natural 
leak déveloped between the charged outer 
wall of the chamber and the collecting elec- 
trode. This was ascribed to a condensation 
of moisture on the surface of the amber in- 
sulation when the chamber, which had been 
sealed in a warm and probably humid at- 
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mosphere® was lowered into the cold water 
of the phantom. For the rest of this work 
the phantom was filled with water a few 
degrees above atmospheric temperature. 


The leakage current was then entirely 


eliminated. 
28x4. 350 a à 
Cealra (pane ae eae 
FJ €^ ESI 






Fic. 16. Dose contours for the central plane. 


To enable the constancy of output of the 
roentgen tube to be maintained a monitor- 
ing system was constructed. It consisted of 
a number of insulated parallel plates of thin 
aluminum, alternate plates being earthed 
or maintained at about 2,000 volts poten- 
tial. This ntulti-plate chamber was mounted 
on the tube housing so that the beam passed 
through it, the relatively large ionization 
current being passed through a reflecting 
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galvanometer. In operation, conftancy was 
checked by observation of the galvanom- 
eter deflection in preference to reliance on 
indications of a milliammeter and pre-read- 
ing kilovoltmeter. 

Method of Constructing Dose Contour Di- 
agrams. Dose contours were obtained for 
planes parallel to the central plane ABC 
(Fig. 15) and extending to positions outside 
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of the six irradiated filelds\T he #ntour di- 
agram of a single field was first drawn on 
celluloid, and a tracing of it made on paffer 
(Fig. 16). This and the original diagram 
were placed in the positions of the ewo cen- 
tral fields, 1.e., 21 cm. between surfaces and 
with axes coincident, and a composite doge 
contour diagram compiled for these two 
fields, by drawing on another sheet of paper 





Fic. 17. Dose contours for the longitudinal plane. 


éhe geometrical boundaries of the field. The 
dimensions of a patient and the positions 
of the fields in treatment were obtained by 
taking averages of all cases recently treated 
in the radiological department. The meth- 
od adopted for the addition of percentage 
doses in any one plane within the ''pa- 
tient," although somewhat laborious, was 
thought to give greater aceuracy than 
would have been obtained by estimation 
and addition using one dose contour dia- 
gram successively placed in the positions 


held firmly over them. The points of imter- 
section of lines on the two original dia- 
grams gave with certainty points*on the 
lines of the composite diagram, and the 
points were supplemented where necessarv 
by estimation. In the same way a pair of 
opposing oblique fields were combimed and 
a tracing made for the other pair. By com- 
bining in turn the resulting diagrams, the 
four oblique fields were compounded and 
lastly the central fields were added (Fig. 2, 
central plane). 


VoL. 49, No. 5 Roentgen Treatment of Cancer of the Esophagus 631 





Turnin gto the isodose diagram fo poo aei egi 
. . £a i dan, trom an £z CACK 
the longitudinal plane (Fig. 17) it will be A ai . 


noted that (1) there is a very small change 
in depth dose from the central axis to a dis- 
tance ef 8 or more centimeters at average 
depths; (2) there is a very rapid fall-off in 
dosage rate outside the geometrical edge of 
the field. To this and to the necessary wid- 
ening of the field with depth is due the re- 
markable appearance of the dose distribu- 
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Fic. 19. Distribution in planes 5 cm. above or below 
that shown in Figure 18. (compare with similar 
planes, lig. 2). 


Fic. 18. Dosage distribution in the central plane for 
six fields each 20 X4 cm. in size. 80 cm. focus-skin 
distance, 200 kv., 1.35 mm. Cu half-value layer 
(compare with Fig. 2, central plane). 


tiens in planes at 11 and 12 cm. from the 
centergHere while the surface dose is neg- 
ligible, the dose at the center of the dia- 
gram is relatively large (Fig. 2, planes 11 
and 12 cm. down from center). 

Methods of Demonstrating Isodose Sur- 

faces. ft is of interest to be able to demon- 
strate the volume which would receive some 
definite dose during an average treatment. _. , ‘ 
d uw " " Fic. 20. 140 per cent isodose surfaces 4, for 200 kv., 
[he model shown in Figure A S 1.35 mm. Cu half-value layer, 80 cm. focus-skin 
structed to show the shape of the 140 per distance; B, for 400 kv., 3.7 mm. half-value layer, 
cent isodose surface and the position of the 80 cm. focus-skin distance. 
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Fic. 21. Dose contours used in determining the tumor dose for each patient as described in Part I. 
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a 
latter with relation to the outline of the 
body. The surface was made by fixing card- 
board contours of the correct shape at the 
appropriate distances by separating them 
with wdbden blocks and filling in the vol- 
ume with plaster of paris. 

eAs it may be desired to obtain dosage 
distributions in techniques where the strip 
fields are not applied with their longer 
dimensions mutually parallel, and where 
therefore the summation technique de- 
scribed is not applicable, it is useful to be 
able to use these dose contour diagrams on 
the dose finder described by Mavneord.? 
Thisemav be done by mounting the dia- 
grams, drawn on a transparent material 
such as glass or "Perspex," in a metal 
framework in the correct relative positions. 
This framework can be supported at the 
correct angle and position and doses read 
off with the dose finder. Interpolation will 
be assisted by making it possible to slide the 
contour diagrams together at intermediate 
positions. 

As it may be of interest to consider the 
dosage distributions for a similar technique 
using radiation excited at 200 kv. having a 
half-value laver of 1.35 mm. Cu, dosage 
distributions have been worked out for the 
horizontal plane through the center of the 
fields and for a plane 5 cm. from this and 
parallel to it. These are shown in Figures 
18 and 19. As before, a model has been 
made of the volume enclosed by the 140 per 
cent dose contour surface. It will be noticed 
that the surface obtained at 200 kv. 1s both 
shorter and narrower than for the more 
penetrating radiation (Fig. 20) and that the 
points of maximum dose tend to lie towards 
the fro@t of the esophagus. 

Distributions have also been worked out 
for a modified technique using four fields 
of 15 X4cm. and two of 15 X6 cm. in rather 
different positions from those used with the 
20 X4 cm. fields (Fig. 6). The single-field 
distributions from which the complete dia- 
grams were obtained are shown in the 
planes of chief importance in Figure 21. 

Conclusion. The measurements made by 
Quimby, Copeland and Woods? in the 
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chest of a*cadaver indicate that even for 
penetrating radiation excited at 7oo kv. 
depth doses are considerably higher than in 
water. This they ascribe to the air con- 
tained in the lungs. While it is realized that 
the application of physical measurements 
of dosage made in a homogeneous medium 
to the complex structure of the human bodv 
mav be subject to some degree of uncer- 
tainty, it is considered likely that the re- 
sults of Quimby, Copeland and Woods are 
not applicable to the present case in which 
narrow fields are arranged so as to avoid to 
a large extent irradiation of the lung spaces. 


Acknowledgment: From the text it will be clear that 
the treatment of carcinoma of the esophagus by the 
method described demands the cooperation of the 
surgeon, pathologist, radiotherapist, physicist and 
nursing staff. We are greatly indebted to the whole 
staff of the Royal Cancer Hospital for their assist- 
ance. We are especially indebted to Professor W. Y. 
Mayneord, the director of the Physics Department, 
for his help and advice, and to Dr. J. A. C. Fleming 
who kindly permitted us to see an, as yet, unpub- 
lished paper of his on carcinoma of the esophagus and 
to quote from it. 


REFERENCES 


I. ABEL, A. L. Treatment of cancer of the esopha- 
gus. Brit. Y. Surg., 1926, 14, 131-159. 

. ApAMs, W. E., and Puemister, D. B. Carcinoma 
of the lower thoracic esophagus. 7. Thoracic 
Surg., 1938, 7, 621—632. 

. Baum, S. M. Esophageal-gastric carcinoma suc- 
cessfully treated by protracted fractional 
x-ray. Radiology, 1936, 27, 58-62. 

4. Benpick, A. J. Early esophageal carcinoma. Am. 
J. RoEeNTGENOL. & Rap. THERAPY, 1939, 47, 
603—604. 

5. Bropvers, A. C., and Vinson, P. P. Degree of 
malignancy of carcinoma of esophagus. Ann. 
Otolaryng., 1928, 8, 79-80. 

6. BvcuBiNbER, W. C. Carcinoma of esophagus 
with especial reference to site. dm. 7. M. Ses 
1925, 770, 496-499. 

. Carrié, C. Zur Therapie der Róntgenstrahlen- 
leukopenie. Strahlentherapie, 1938, 63, 183- 
187. 

8. CLarkson, J. R., and Mayneorp, W. V. “Qual- 
ity" of high-voltage radiations; "quality" 
within scattering medium. Brit. J. Radiol., 
1939, 72, 168-180. 

9. CrLAvTON?E. S. Carcinoma of oesophagus. Surg., 
Gynec. & Obst., 1928, 46, 52—02. 

10. FLEMING, J. A. C. To be published. 

11. Gutsez, J. Quelques remarques sur le cancer de 

l'oesophage. Presse méd., 1937, 45, 1135-1137. 


I2 


, 
<) 


J 


19. 


t2 
te 


. HoneyBurne, J., LAMERTON, L. 


D. W. Smithers, J. R. Clarkson and J. A. Strong 


; | E ; 
HeLsLEY, G. F. Metastazing tendency of d 
gus carcinoma. Ann. Surg., 1923, 77, 2 


. Hitton, E. L. G. Carcinoma of the Ar ie EN 


Brit. M. F., 1937, 7, 1281. 
F., SMITHERS, 
D. W., and Mayneorp, W. F. Symposium on 
3-dimensional radiation distributions. Brit. 7. 
Radiol., 1939, 12, 269-302. 


. IMLER, A. E., and Wammock, H. Vitamin B; in 


irradiation sickness. AM. J. ROENTGENOL. & 
Rab. THERAPY, 1940, 43, 243-248. 


. Levirr, W. M. Treatment of carcinoma of eso- 


phagus by new method of deep x-ray therapy. 
St. Barth. Hosp. Rep., 1935, 68, 107—120. 


. Levirr, W. M. Faculty of Radiologists: Radio- 


therapy Section discussion, January 20, 1940. 


. McGispon, J. E. G. Clinical manifestations of 


spread of carcinoma of oesophagus observed 
during life. Brit. Y. Surg., 1936, 24, 86-104. 

MarcorMsow, G. H., and Marcorwusow, P. H. 
Cancer of oesophagus. Canad. Med. Ass. F., 
1937,30, 405-406. 

Martin, H. E. Device for measuring diameters 
and the contours of cross-sections of the head 
and neck. Am. J. ROENTGENOL. & Rap. THER- 
APY, 1931, 25, 536-537. 


. Mayneorp, W. V. Optical device for accurate 


alignment of x-ray beam. Brit. 
1939, 72, 257-258. 


Y. Radiol., 


. Mayneorp, W. V. Dose contour projector and 


application to 3-dimensional radiation distri- 
butions. Brit. Y. Radiol., 1939, 12, 262-268. 


. NIELSEN, J. Klinische Versuche zur 


Mav, 1943 
. Mayneorp, W. V. Energy absorption. Brit 7. 
Radiol., 1940, 13, 235-247. 


NsxsavE, E. A. Radiation therapy Pw 


intraabdominal malignancy. Am. J. Roenr- 

GENOL. & Rap. THERAPY, 1936, 76, 324-331. 

Strahlenbe- 
handlung des Speiseróhrenkrebses. Acta ra- 
diol., 1940, 21, 352-367. 

Quimsy, E. Et.  COPBLAND, M. M., and Woans 
REL. Disttibution of roentgen raya within the 
human body. Am. J. RoENTGENOL. & Rap. 


THERAPY, 1934, 32, 534-551. 


. REGELsBERGER, H. Zur Behandlung des ino- 


perablen Magenkarzinoms. 
1938, ÓZ, 201-232. 


Strahlentherapie, 


. Rosperrs, F. Malignant disease of oesophagus. 


Brit. J. Radiol., 1936, 9, 732-742. 


. Soutrar, H. S. Treatment of carcinoma*of the 


oesophagus. Brit. F. Surg., 1926, 74, 131—149. 
STEVENSON, R. S. Early post-cricoid carcinoma. 
Proc. Roy. Soc. Med., 1938, 31,661. 


. Torek, F. First successful case of resection of 


thoracic portion of esophagus for carcinoma. 
Surg., Gynec. & Obst., 1913, 16, 614. 

TonEK, F. Carcinoma of thoracic portion of 
esophagus. Arch. Surg., 1925, 70, 353-360. 


. Warson, W. L. Carcinoma of oesophagus. Surg., 


Gynec. & Obst., 1933, 56, 884-897. 


. ZUPPINGER, A. Die Behandlung der Osophagus- 


karzinoms. Ergebn. d. med. 


1936, 7, 389-456. 


Strahlenforsch., 


p Wp 


-* 


VoL. 49, No. $ 


ROENTGEN THERAPY OF “VIRUS” PNEUMONIA 


By ALBERT OPPENHEIMER, M.D. 


Department of Roentgenology, Laconia Hospital 


HE atypical pneumonia which has 
come to be designated as virus pneu- 
monia? seems to be refractory to medical 
treatment. According to inquiries made at 
numerous institutions, roentgen therapv 


has not been used so far in the treatment of 


this disease. Hence the results of roentgen 
irradiation in a fairly large group of cases 
should be recorded. 

As during previous epidemics of influen- 
zal pneumonia— to which virus pneumonia 
is at least very closely related—the disease 
varies somewhat with the locality and with 
its own epidemic course. For instance, at a 
time when numerous cases with massive 
consolidations were observed in the Boston 
district, only small peribronchial foci were 
found in the patients examined some sev- 
enty miles to the north, in New Hampshire. 
Pleurisy, which has been a fairly common 
complication in other parts of the country, 
has not yet been noted in the cases in north- 
ern New England. The severity and dura- 
tion of the clinical manifestations seem to 
increase as the present epidemic extends. 
Moreover, at a given time, the symptoms 
differ from case to case and are sometimes 
stormy, sometimes rather slight. Apart 
from these variations, physicians are gen- 
erally agreed on the distinctive features of 
virus pneumonia: fever and infiltration of 
the lungs lasting several weeks; persistent 
cough; no response to the sulfonamide 
drugs; and slow convalescence. 

Two 1fain types have been observed in 
New Hampshire: (1) a massive consolida- 
tion usually not confined to one lobe, but 
involving adjacent parts of contiguous lobes, 
mainly ip the perihilar areas, casting ill-de- 
fined globular shadows; this is often bi- 
lateral, with one side much more extensively 
affected than the other; (2) a more diffuse 
patchy infiltration of both lungs along the 
bronchi, with definite enlargement of the 
hila, sometimes with small foci resembling 
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miliary tuberculosis; this corresponds to 
the peribronchitis and pneumonitis of pre- 
vious epidemics. À more detailed analvsis 
of the roentgen findings has been published 
very recently. The roentgenologic differ- 
ences, however, are not associated with 
clear-cut clinical differences. The course, 
duration, and severity of the illness are not 
characteristic of the one or the other type in 
the instances observed in this district. 
During November and December, 1942, 
the leukocyte counts were low in the 
pneumonitis group (3,000 to 5,000), and 
high in the presence of massive infiltration 
(over 12,000); but this difference has not 
been noted in recent months. Since most of 
the patients had received sulfonamides be- 
fore admission, these counts are not verv 
significant. 

After the febrile stage, which lasted anv- 
where between five days and six weeks, 
most of the patients continued coughing, 
chiefly at night. The cough did not re- 
spond to drugs, inhalation, steaming, and 
the like, and kept the patients awake for 
hours at a time. The impression was given 
that the resulting lack of sleep was one of 
the factors which delayed recoverv. The 
cough could be controlled by roentgen 
therapy. This encouraged us to use roent- 
gen therapy during the acute stages as well. 

Although the results of roentgen therapy 
of lobar pneumonia are well known,® there. 
is little information available on roentgen” 
treatment of atypical pneumonias;*5 Dur- 
ing the past ten years, I have treated non- 
neoplàstic lesions, including bronchopneu- 
monia, with roentgen doses corresponding 
to about one-third to one-fifth of those 
commonly advocated in the treatment of 
inflammatiogs.? These small doses approxi- 
mate closelv the doses recommended by 
Chamberlain! in a paper which does not 
seem to be sufficiently. known. For the 
treatment of virus pneumonia, the follow- 
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ing factors were used in this series: 130 to 
i$o kv., according to the size of the chest 
and the thickness of skin and muscles; 30 
ma.; o.5 mm. Cu plus 1 mm. Al filtration; 
ço cm. anode-skin distance; an average 
dose of ṣo r (measured in air) through por- 
tals covering the involved parts of the lungs 
usually 20 by 20 cm. This technique was 
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of any kind were observed with this trffat- 
ment. [n the presence of leukopenia, rd&at- 
gen therapy did not induce a further’drop 
in the leukocyte counts. 

The results obtained in £6 cases of virus 
pneumonia and pneumonitis are given in 
Table 1. None of the cases had previoutly 
responded to medical treatment; and the 
























































TABLE I 
SYNOPSIS OF CASES 
Number Duration of Illness Duration of Symptoms Cured* Not 
ve - T - ` urec ` : 
of Cases before Roentgen Therapy | after Roentgen Therapy |. Cured? 
| | 
"MER _ S a iic - — — ass 
| 
1-2 days 14 | 
18 2-5 days —— — S| Mal 
3-5 days 4 
1-2 days 4 
22 6-14 days c c: — pre a SEMPER 
3-5 days 15 3 
1-3 days 2 
16 Over 14 days ———— Eee NEM E 
4-7 days 6 | 8 
Total: 56 | | 45 | 1] 


* "Cured" means disappearance of fever and symptoms, but not necessarily of the pulmonary infiltrations, within the period of 


days mentioned (see the text). 


T "Not cured" means that the symptoms did not completely subside within the period of days mentioned, although subjective im- 


provement was sometimes noted. 


adopted after treatment with 100 r or more 
at early stages had induced severe systemic 
reactions with chills, convulsions, and cold 
sweats in 3 instances. These reactions are 
known to occur after roentgen therapy of 
other infections," but do not seem to be 
necessary for achieving the desired thera- 
peutic result in our experience. 

According to the observations of Fried 
and Heidenhain,? the amount of radiation 
applied should increase with the duration 
of the inflammation: the more recent the 
lesion, the smaller should be the dose ad- 
ministered. Accordingly, about 35 to 45 r 
was given to children, and $0 to 60 r to 
adults, during the first two oy three days 
after the onset of symptoms; but 50 to 7o r 
and 70 to gor respectively when the symp- 
toms had persisted for about one week pre- 
vious to treatment. No untoward reactions 


failure to respond to sulfonamide therapv 
was considered a diagnostic sign. 

The therapeutic effect of roentgen treat- 
ment varied to some extent with the dura- 
tion of the disease prior to irradiation. As 
a general rule, a single treatment was suf- 
ficient to bring about a return of tempera- 
ture to normal within sixteen hours, as well 
as a considerable diminution of the cotigh 
and distress, in patients treated Within a 
few days after the onset of symptoms. 
About twenty-four hours after the treat- 
ment, expectoration usually increased mod- 
erately in these cases, and most of them 
were discharged from the hospital after 
another dav or two. The annoving cough 
which troubles the convalescence of un- 
treated patients did not occur at all in the 
cases treated early. When, previous to ir- 
radiation, the disease had lasted for over a 
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week, one treatment usually resulted in a 
dra of temperature to slightly above 
normal, but the coughing spells tended to 
persist, and the temperature often rose 
again after an interval of three or four 
davs. In the cases of this group, a second 
trtatment, sometimes followed by a third 
one after fortv-eight hours, was necessary 
to obtain relief and drop of the tempera- 
ture to normal. In 2 patients treated six- 
teen and twenty-three days after the onset 
of symptoms, several irradiations with 
increasing doses (up to 300 r) failed to ef- 
fect any therapeutic results. These observa- 
tions* suggest that roentgen therapy of 
virus pneumonia is useful mainly during 
the early stages of the disease. 

The clinical improvement did not coin- 
cide with a regression of the pulmonary in- 
filtrations. The course of the resolution was 
checked on roentgenograms in all the pa- 
tients. In general, clinical improvement or 
cure preceded the disappearance of the 
infiltrations bv about four davs, but a de- 
crease in densitv and size of the correspond- 
ing shadows was often noticeable as early as 
thirty-six hours after the treatment. Resid- 
ual infiltrations were not observed to per- 
sist in the patients treated. 

Five patients were referred for roentgen 
therapy several weeks after termination of 
the febrile stage because of persistent 
cough at night, associated with fatigue and 
inability to resume normal occupation. 
These patients were treated with doses of 
go r three to four times in the course of 
about two weeks. They were free of symp- 
tomg after this time and regained normal 
health rapidly. 

In th patients treated during the febrile 
stages, the disappearance of fever and dis- 
tress was entirely undramatic. There was 
no evidence of a crisis. With surprising uni- 
formity fever and symptoms subsided grad- 
ually in the course of about sixteen hours, 
during which period most of the patients 
spent their first comfortable night after 
davs of discomfort and dyspnea. The rate 
of pulse and respiration returned to normal 
graduallv at the same time. In view of the 
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severe reactions observed after treatment 

with larger doses, as above mentioned, one 

mav perhaps attribute this uneventful and 

gradual recovery to the small r doses ad- 

ministered 1n this series. 

Clearlv the results of any mode of treat- 
ment are verv difficult to ascertain accu- 
rately and impartially, especially as regards 
acute infections. It certainly cannot be 
proved that the 56 patients of this series 
would not have recovered as rapidly with- 
out roentgen therapv. Control series are not 
easv to evaluate since, in clinical medicine, 
no two cases are exactly alike. In two pairs 
of trezted and untreated patients the find- 
ings were similar enough to be comparable. 
Two males of about the same general build, 
aged fiftv-six and sixty-three, showed an 
infiltration 11 cm. in diameter in the cen- 
tral part of the left lung, and a smaller one, 
about 4 cm. in diameter, in the right base. 
Both were severelv ill, with rapid pulse and 
respiration, temperatures about 103^ F., 
and moderate cyanosis. One of them was 
treated on the third day of his illness with 
cO r; sixteen hours later the temperature 
had dropped from 103 to 98.3° F., pulse 
from 160 to 84, and respiration from 60 to 
24. The infiltration was found definitely 
diminished fortv-eight hours after the 
treatment, and the lung fields were found 
free of abnormal shadows five davs after 
the treatment. There was a slight recur- 
rence of the cough on the fourth dav, but 
the patient remained free of symptoms 
from the fifth dav on. The other patient 
was not treated during the first sixteen days 
of his illness, and the infiltration was found 
to have increased during this time. j 

The second pair consisted of two girls 
aged six, with bilateral diffuse pneumonitis. 
In the treated child, symptoms and lesions 
disappeared seventy-two hours after irra- 
diation; in the untreated, they persisted 
for twenty-five days. 

These twq pairs of cases seem to bear out 
the experience of many phvsicians in vari- 
ous parts of the country in regard to the 
course of virus pneumonia in patients not 
submitted to roentgen therapy. If we may 
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use these many hundreds of untreated cases 
in lieu of a control series, it would seem to 
be evident that roentgen therapy helps to 
shorten the duration of the disease ma- 
terially.* 
SUMMARY 

Roentgen therapy with small doses of 
between 35 and gor resulted in clinical cure 
within a few days in 45 out of £6 cases of 
virus pneumonia. 

2. The pulmonary consolidations disap- 
peared within three to five days after roent- 
gen treatment. 

3. The results of roentgen therapy were 
best at early stages of virus pneumonia, but 
limited when irradiation was used later 
than two weeks after the onset of the dis- 
ease. 

4. Roentgen therapy was the most ef- 
fective mode of treatment for the control of 
the persistent cough which delayed com- 
plete recovery during convalescence in pa- 


* No distinction was made between “virus” pneumonia of 
adults and the so-called interstitial pneumonia (peribronchitis 
and peribronchiolitis) of childhood, since the two diseases are 
identical epidemiologically and virtually indistinguishablein their 
clinical course. Children seem to respond to roentgen therapy 
more uniformly and within shorter periods than adults. 
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tients who had not received irradian 
during the febrile stage. 

5. At early stages, the r doses apflied 
should be small. Treatment with doses 
exceeding 100 r during the early stages 
resulted in alarming systemic reactions. 
No untoward reactions whatever were ob- 
served with the use of smaller doses. 
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DIATION HAZARDS DURING ROENTGENOSCOPY* 


By THOMAS N. WHITE, 
ALFRED A. 
* 
INTRODUCTION 
AZARDS associated with roentgenos- 
copy have been emphasized repeat- 
edly ;3:3:4.5.10,26,27,29.31 yet the history of roent- 


genology contains too many accounts of 


mal.effects and martvrdom due to care- 
less practices or Mm LP injurious ac- 
tion of the roentgen rays.* The mistakes of 
yesteryears should serve to counteract mal 
effects todav, and in the future. Unfor- 
tunately, though, the provision of adequate 
protection during roentgenoscopv is inher- 
ently difficult. It appears that unless there 
IS accomplished some major increase in the 
sensitivity of fluoroscopic screens,’ the 
roentgenoscopist must continue to risk ex- 
posures beyond the accepted "tolerance 
dose," or be restricted by somewhat un- 
wieldy protective equipment. 

From time to time, our radiological soci- 
eties have initiated careful deliberations 
and recommendations as to tolerance limits 
of roentgen radiation. *?93*3» Most of these 
estimates have been based upon "injuries 
to the superficial tissues; changes in the 
blood and derangements of the internal or- 
gans." More recently emphasis has been 
directed to susceptibility of the reproduc- 
tive organs.?'?? The “tolerance dose" so es- 
timated is about two-tenths of a roentgen 
per day. Biological studies have indicated 
reason for concern as to mal-ettects 
upon future generations—a genetic ef- 
fecf917.19.2». The accepted tolerance dose is, 
to the pest of present knowledge, fairly 


conservative as far as the first group of 


injuries is concerned. On the other hand, 
laboratory experiments show no evidence 
of genetic recovery from injury by roentgen 
radiation. Therefore the “tolerance dose" 
may not be conservative with respect to the 


* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Chicago, Ill., 
LI - — - * , `~ 
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population as a whole. Since damage of this 
character would be irreparable, it appears 
wise to hold to the lowest practicable level 
the exposure of the genital organs of all 
who can have offspring. 

Following the impetus given to roent- 
genologv during the first World War, there 
were advocated in Europe many elaborate 
protective devices. Line drawings of a few 
of these are shown in Figure 1. It is prob- 
able that some of these units provide a 
degree of protection considerably greater 
than is demanded by our present standard 
of “tolerance dosage.” In the United States, 
devices such as these have not found wide 
favor. Indeed, there has been a tendency to 
dispense with most protective aids (includ- 
ing gloves and apron) and to depend upon 
the shielding afforded by the lead glass of 
the fluoroscopic screen, the use of small 
roentgen beams, and upon speed and skill 
of examination.” It should be unnecessary 
to re-emphasize that the elimination of pro- 
tective apparel leads to undesirable condi- 
tions where carelessness, ignorance or un- 
due confidence in modern equipment ex- 
ist, 122,28 

Various tvpes of roentgenoscopic equip- 
ment are available in this country today. 
Though not comparable to the arrange- 
ments which have been recommended bv 
some of the European roentgenologists, we 
have so-called “heavy duty” table units 
wherein the roentgen tube and shutter, 
housing are completely enclosed by a table 
provided with metal side panels; we have 
so-called "light duty” table units wherein 
the roentgen tube and shutter housing are 
exposed, beneath or behind the table top, 
and now we also have to be concerned with 
the extensive use of bare essentials— 


Sept. 15-18, 1942. 
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roentgen-ray equipment such as might be 
practical for use in the battle field. 

There appears to be much reason for an 
evaluation of exposure intensities associ- 
ated with these three general tvpes of 
equipment. Extensive studies have been 
made of the intensitv of roentgen radiation 
in the exit beam under fluoroscopic condi- 
tions, 125.152: [t is probably safe to say 
that exposure between the patient and the 
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greatest exposure is incurred thereby. Phe 
studies have included the consideratidg of 


primary roentgen radiation escapinggrom 
conventional "rav-proof" roentgen tubes 
and the various components of s€zondary 
radiation such as that emitted from fluoro- 
scopic shutters, shutter housings, table 
tops, the patient (i.e. phantom) and fluoro- 
scopic screen. We have not included the 
consideration of gross errors or structural 
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Fic. 1. Glocker's!*5 choice of installations 
screen is practically. independent of the 
tvpe of table used. For this reason we have 
made few measurements at that location. 
On the other hand, few observers have 
given attention to exposure of the whole 
bodv of the roentgenoscopist, as affected 
by the general type of equipment. It is real- 
ized that the amount of radiation which a 
roentgenoscopist receives depends upon the 
physical protection provided by the equip- 
ment or shielding apparel, as well as upon 
the skill with which his work is performed. 
Just what are the dangerous conditions? 
What precautions should be observed? 
The tests reported in this paper have 
been limited to conditions of horizontal 
roentgenoscopy, for it is believed that the 
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for protection during roentgenoscopy. 


flaws such as a misdirected primary beam 
or a "wide open" beam which might cover 
an area bevond the limits of the fluoro- 
scopic screen. 


e 
OUTLINE OF EXPERIMENTAL PROCEDURE 


Only the most essential experimental infor- 
mation is given in this section. Details which 
are not of general interest have been relegated 
to a technical appendix, to which the reader is 
referred by numbers prefixed by A. 

The plan of this study was progressive. Start- 
ing with a "ray-proof" shock-proof roentgen 
tube, the leakage from which was first exam- 
ined, there were added structural components 
typifying those of a horizontal fluoroscope: dia- 
phragm (in place of shutters), filter, cone be- 
tween tube housing and diaphragm, fluoroscop- 


VoL. 49, No. 4 


screen, two types of table top. After each 
ition the stray radiation was measured at 
suWgble locations. From the changes in the 
amownts of stray radiation it was possible to 
ion é relative importance of the different 
structukal components in adding to or reducing 
the stray radiation. There was then added a 
fiber board phantom (Technical Appendix a-1), 
roughly cubical in shape (about 20 cm. on edge); 
thereafter, an auxiliary shield between the 
diaphragm and the table top. These additions 
made possible a rough evaluation, at certain 
locations, of the secondary radiation from a pa- 
tient, and the effect of the auxiliary shield upon 
the distribution of this radiation. 

Tbe side of the phantom on which these 
measurements were made was aligned roent- 
genoscopically with the border of the primary 
beam. Thus the full area of the beam was occu- 
pied by phantom material, while at the same 
time absorption of the secondary radiation 
emitted by the phantom was held to a mini- 
mum. Lateral additions of phantom material 
then permitted an evaluation, under well de- 
fined experimental conditions, of the extent to 
which body tissue outside the irradiated volume 
reduces the secondary radiation emitted from 
the irradiated volume. 

The preceding tests were made with equip- 
ment possessing certain framework elements 
(not shown in the diagrams) which interfered 
to some extent with the free passage of second- 
ary radiation from the phantom toward the 
lower levels. In order to overcome this difficulty 
and to provide a truer picture of the distribution 
of secondary radiation from a patient, both the 
apparatus and the phantom were reconstructed. 
The phantom was given an oval shape (Tech- 
nical Appendix a-1) and distortion of the field 
of secondary radiation due to undesired struc- 
tural elements was reduced to a minimum. 
Measurements were made at a sufficiently large 
number of locations to permit the construction 
of isodose (strictly speaking, isodose per unit 
time or iso-intensity) curves, showing graph- 
ically the distribution of the secondary radia- 
tion. There were determined the changes pro- 
duced in this distribution due to a shift in the 
position of the phantom, and due to the addition 
of two common types of table. 

Measurements of stray radiation were made 
with o.25 r (full scale reading) condenser type 
Victoreen ionization chambers (Technical Ap- 
pendix 4-2). Actual exposure times ranged from 
one to six minutes. Since the total daily operat- 
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ing time of a roentgenoscopic roentgen tube is 
something like one hour (i.e., based on continu- 
ous operation), the intensities are presented in 
roentgens per hour, for easier comparison with 
the "tolerance dose” of 0.2 roentgen per day. 

In some cases an indication of the penetrating 
power of the radiation was obtained by observ- 
ing the reduction in chamber reading which was 
caused by wrapping the chamber with copper 
foil (Technical Appendix 4-3). The results of 
these measurements are included mainly for 
possible future usefulness. So far as we know 
there is not at the present time sufficient infor- 
mation concerning the influence of quality of 
stray radiation on roentgen injury to warrant 
the drawing of any conclusions from these data. 

Most of the measurements were made using 
85 kv. (peak) and 5 ma., and with a shutter 
opening to give a field 20 by 20 cm. on the 
fluoroscopic screen, since it was considered that 
these conditions would give more rather than 
less than the average exposure. Occasional 
measurements, not recorded herein, showed 
that when the potential was reduced to 70 kv. 
(peak) and other conditions were kept con- 
stant, the secondary radiation intensity dropped 
by about 3o per cent. Enough measurements 
were made with a smaller field (10 by 10 cm. on 
the screen) to show the effect of field size. 


OBSERVATIONS AND DISCUSSION 


Due to the variety of factors involved in 
this experiment it has been thought best to 
discuss the observations as they are pre- 
sented. 

The Roentgen Tube. The shock-proof tube 
used for most of the tests had been pur- 
chased under specifications calling for “ray- 
proofing” to the extent of 1.5 mm. of lead, 
which is the amownt of protection advo- 
cated by the National Bureau of Standards 
Handbook HB 20 for general purpose pro- 
tection against 100 kv. radiation. Figure 2 
shows roentgenographically the stray radi- 
ation obtained when the exit portal of the 
tube housing was blocked off with 3 mm. of 
lead, and the conditions under which the 
film was obtained. The escape of primary 
radiation ie evidenced both by the sharp 
cut-off at the intersection of the plane of the 
target face with the film and by one set of 
sharp nail shadows, all pointing toward the 
projection of the focal spot thereon. The 
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more diffuse nail shadows must be at- 
tributed to secondary or to stem radiation 
(or both). The cut-off at the top of the film 
is attributable to the shutter housing shown 
in Figure 27. The “nail-board”’ method ap- 
pears to have certain possibilities which 
were not fully investigated in these tests. 
Figure 34 shows the geometrical relations 
of film and roentgen tube more accurately, 
and also the positions at which ionization 
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reduction to a potential of 7o kv. (peg) 
caused a decrease of more than 80 per cnt 
in the reading at the x position. Wifi a 
reasonable allowance for operating condi- 
tions and distance, these results agrfe with 
some of those obtained in Braestrup s thor- 
ough survey? of this subject. * 
Qualitative or quantitative testings were 
accomplished in no less than thirty-six dif- 
ferent tubes orf tube" units. These repre- 
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Fic. 2. Roentgenography of stray radiation from roentgen tube. a, film reproduction showing excess radiation 
(mostly primary) escaping from cathode sector (‘‘top left"). Note the sharp demarcation of target face; 
also the multiplicity of the individual nail shadows—the more sharp and dense outlines being interpreted 
as being produced by primary radiation. 4, showing the arrangement by which a was obtained. 


measurements were made before and after 
the addition of supplementary protection 
on the roentgen tube housing. 

In horizontal roentgenoscopy it is quite 
possible for the operator's legs to be nearlv 
as close to the roentgen tube as were the 
ionization chambers in this test. At this 
distance undesirably large readings were 
obtained before supplementary absorbing 
material was added to the tube housing. 
As would be expected, the leakage from the 
bare housing was very sensitive to the po- 
tential at which the tube was operating. A 


sented constructions by six well recognized 
tube manufacturers and twelve established 
roentgen-ray equipment manufacturers. In 
every instance some escape of roentgen ra- 
diation was demonstrated—thus confirm- 
ing the fact that the term “‘ray-proof”’ is in 
contradiction to the fundamental proper- 
ties of roentgen rays. This term ma be re- 
sponsible for a false sense of security. 
Taylor's inding??—"'It is thus seen that the 
internationally accepted protective lead 
thicknesses all apply, under average dosage 
rate conditions, to a point 150 cm. from the 


"hj 


Vol. 49, No. 5 * Radiation Hazards During Roentgenoscopy 643 


^ 


- 
- 


| 0.3 CMS LEAD ° 




















è 
SHUTTER 
HOUSING 10 CMS. X 10 CMS. 
a, — e — — i — — 
Y 
IONIZATION A 
" CHAMBERS 
LONGIT UOI SECTION OF X-RAY TUBE & HOUSING 
2 MM. LEAD DIAPHRAGM 
FILM HOLDER IONIZATION £f 
8 NAIL BOARD 0.3 CMS. LEAD CHAMBERS 2e) B JN, 1/2 MM. AL. FILTER 
LXB8Y. — —— pss C 
IONIZATION ois fs , : 
CHAMBERS 2 MM. LEAD "CONE RAY- PROOF" TUBE 
o [MTM 
tem dau | MM. ADOED LEAD 
“saz =e 
* TRANSVERSE SECTION OF X-RAY TUBE & HOUSING 
a. b. 
FLUOROSCOPIC SCREEN 
PHANTOM 
(20 CM.X20 CM. Q 
X 21 CM. DEPTH ) 9 
D 
STRETCHER | AUXILIARY 
SHIELD 
IONIZATION IONIZATION 
CHAMBERS CHAMBERS 
"Ds 
C 
C d. 
20 CMS X 20 CMS 
PHANTOM 
e 
EI e 
e P D 
AUXILIARY 
IONIZATION IONIZATION "HELD 
CHAMBERS CHAMBE 
Uo: W 
A 
e "X 
e 
e f 
" Frc. 3. Positioning of ionization chambers for progressive analysis of stray radiation emitted from 


the various components of a roentgenoscopic unit. 


644 


T o 
target —deserves to be permanently re- 
corded in the minds of all who must work 
close to operating roentgen tubes. 

After adding an even more substantial 
absorber to the tube housing, the portal of 
the housing was opened, and the elements 
of a roentgenoscopic assembly were built 
up. The process is depicted in Figure 3, 
in which to avoid confusion, no more than 
two additions appear in any one diagram. 
Table 1 shows the effect of the additions 
with respect to intensities at the designated 
locations. Except as noted, the differences 
shown in the last column were obtained by 
subtracting the total roentgens per hour of 
one set-up from the total roentgens per 
hour of the next following set-up. It is 
recognized that in assigning significance to 
these differences, a certain degree of 
caution must be observed, since the effect 
of placing matter in a roentgen-ray field 
(either primary or secondary) is complex. 
Under the conditions of these tests certain 
increases or reductions in radiation can be 
assigned main/y, but not entirely, to certain 
causes, and the following discussion is sub- 
ject to this qualification. 

The Diaphragm (or Shutter) and Housing. 
In Figure 34 only a small fraction (about 19 
per cent) of the primary beam passed 
through the opening in the diaphragm. The 
intensities observed at B and c differed 
little, therefore, from what would have 
been obtained had there been no opening 
in the sheet of lead. In view of the rather 
commonly held opinion that scattering 
from lead is less than scattering from mat- 
ter of low atomic number, the effect of the 
fddition of 0.5 mm. of dominam 1 is quite 
striking. Even with the filter present, the 
intensities below the level of the diaphragm 
are very large. It is clear that in special 
purpose equipment in which it is impracti- 
cal to build the shutter housing onto the 
tube housing using absorbent material, 
some means must be found to cut off this 
radiation. The most desirable method must 
depend upon the type and use of the equip- 
ment, one example being given elsewhere." 

In conventional equipment, it is not 
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practicable to bring a cone into contaft 
with four shutter blades, and it is important 
therefore that the cone should extend ing a 
protective structure which _ partially“Jen- 
velopes the shutters and associated Wfperat- 
ing mechanism. This is particularly Ampor- 
tant in the so-called "light duty" 
diagnostic table in which there is no metal 
side panel to absorb secondary radiation. 
The usefulness of substantial metal side 
panels in reducing secondary radiation from 
a patient is discussed later, but it should be 
mentioned here that we have found such 
panels to be very effective also in absorbing 
radiation from the tube side of shuttef as- 
semblies. 

It will be noted that in this test the 
aluminum filter was placed in an unfavor- 
able position with respect to the location 
designated as 4 in the diagram. Had the 
filter been placed at the exit portal of the 
tube housing, the final intensity at this 
position in Figure 32, and the initial in- 
tensities at D in Figure 3c would un- 
doubtedly have been even lower. The in- 
tensities obtained with nothing but air in 
the useful beam (the primary beam beyond 
the diaphragm) lead to an important con- 
clusion: it is quite practicable to construct 
equipment such that there is practically no 
stray radiation other than that from solid 
matter in the useful beam. Obvious as this 
may seem, there is no difficulty in finding 
diagnostic units which do not meet any 
such basic requirement. 

The Table Top and Screen. The radiation 
emitted from the table top and screen is 
ordinarily affected by the patient. How- 
ever, it does occasionally happen that fer 
one reason or another, the roentgen*tube is 
energized with the shutters open and no 
patient on the table. The data indicate 
that under these conditions there is present 
an amount of stray radiation which ; is by 
no means negligible. 

As would be anticipated, the secondary 
radiation from an ordinary table top (2 inch 
wood veneer with metal frame, borrowed 
from a conventional tilt table) is much 
greater than that from a canvas top (litter, 
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aligning the phantom as depicted in Figure 
3. The addition of phantom material makes 
possible a determination of the protective 
effect of tissue outside the irradiated vol- 

















" os 
TABLE | 
Position r per Hou! 
Fig of loni-| Total | Attribut- 
1B- Set-up zation | r per | table to 
we Cham- | Hour | Added 
bers Component 
3a, (1) Exit portal of tube housing x 0.38 
| blocked with 3 mm. sheet lead Y | 0.20 
(2) Tube housing enveloped by x | 4.65 —0.33 
lead rubber—equivalent to 0.5 Y | 6.02 —o.18 
mm. lead 
3b| (3) Bare diaphragm (10 by ro cm. A 0.2. 
portal at 66 cm. focal-screen B 8.11 
level) e 14.6 
(4) Filter added (o.5 mm. alumi- A 0.30 +0.06 
num) B 2.5 —5S.06 
| 3 I = TF 5 
(5) Cone added between tube hous- A 0.30 
ing and diaphragm (2 mm. B 0.06 —2.44 
sheet lead; diameter 9.5 cm.; C | 0.06 —3.04 
length 8.5 cm.) 
3c (6) No change D 0.06 
B 0.06 
( 0.00 
(7) Fluoroscopic screen added (to D 0.30 +0. 24 
level 66 cm. above focal spot) B 0.12 +0.06 
( | o.I2 | -Tro.o6 
| 
(8) Canvas litter added as table D 0.30 | very small 
top n o.12 | very small 
C 0.12 | very small 
| 
3d (9) Phantom added (21 cm. total D I.38 +1.32* 
thickness of fiber board—upon B 285 | +o. 72" 
canvas litter as table top) C 7 +o.66* 
(10) Auxiliary shield added between D I-14 —0.24 
diaphragm and canvas litter B | .o6 —0.72 
table top C .06 —o.66 
3e | (11) Diaphragm enlarged to pro- D o. 18 
duce 20 by 20 cm. portal at B | O.12 
screen (compare ro by ro cm.) c 0.06 | 
| 
(12) Canvas litter added as table | p 0.36 +o.18 
top | B ES? "l'O.I9 
( 0.18 “FO. T2 
(13) Conventional table top substi- D 0.84 +o.48 
tuted for canvas litter B 0.60 +0. 36 
( 0.50 o-32 
(14) Fluoroscopic screen added (can- D 1.14 -ro.78 
vas litter again in place) B 0.63 -Fo.3of 
| ( 0.48 +o 1 
s 
3/ | (15) Phantom added D 3.85 | +3.67t 
B 2.30 +2.18fT 
| C 2.30 | s 241 
| (16) Auxiliary shield added between D 2.76 —1.09 
diaphragm and canvas litter B | 0.12 —2.18 
table top | € | 0.12 | —2. 18 
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1 Differences obtained by subtraction of total r/hr. of set-up (11). 
ume. Figure 4 shows the result so obtained 
with ionization chamber placed at the same 
level as the phantoms and at a*distance of 
21 cm. from the phantom. There was not 
much difference in absorption as dependent 
upon the potential at which the primary 
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radiation was generated. The intensity 
the secondary radiation was reduced toso 
per cent by traversal of about 3.5 cng « 
phantom material. Since this thicknfSs'is 
considerably less than the amounffof pa- 
tient's tissue ordinarily expectedf to be 
present between the path of the primary 
beam and the roentgenoscopist, it is seen 
that the patient's body serves appreciably 
in reducing exposure. The protection so af- 
forded is insufficient of itself, but it is well 
worth utilizing so far as clinical procedures 
permit. 

Size of Portal. The data of Table 1 show 
that, as would be expected, the amount of 
secondary radiation from the phantom in- 
creases rapidly with the size of the beam. 
Measurements in connection with the oval 
phantom (see following) show the quantita- 
tive relationship more exactly. 

Kilovoltage and Milliamperage Factors. 
The data of Figure 4 show that at equal 
currents the lateral component of second- 
ary radiation from the phantom is greater 
at 85 kv. (peak) than at 70 kv. (peak) by 
from 55 to 85 per cent, depending upon the 
amount of intervening absorbing material. 
Other conditions being equal, the intensity 
of secondary radiation should be strictly 
proportional to the milliamperage. It fol- 
lows that at 70 kv. (peak), 5 ma., and at 
85 kv. (peak), 3 ma., the lateral scattering 
should be about the same, and in both cases 
about 40 per cent less than at 85 kv. (peak), 
5 ma. It is of course understood that this 
percentage would not be expected to hold 
true for a comparison of 70 kv. (peak), 5 
ma. on a chest with 85 kv. (peak), 3 ma. 
on an abdomen. "e 

The Distribution of Secondary Radiation 


from Material in the Useful Beam. 'The fol- 


lowing tests were performed to obtain a 
more detailed picture of the all-important 
secondary radiation from a patient, and to 
show the influence of certain important 
factors on this distribution. Figure ¢ is self- 
explanatory, and little more need be said 
about procedure than that measurements 
were made at 6 inch horizontal and vertical 


intervals throughout the region where iso- 
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aX, used on United States Army Field 
le). 

. e Phantom (“ Patient"). With radiation 
of dMgnostic quality very little of the pri- 
mary Nam is transmitted by a thick part 
of the pody. Operating at 85 kv. (peak), 
pwimary*transmission through the phantom 
of these tests was about 0.36 per cent. With 
a 20 by 20 cm. field on the screen the total 
radiation on the top side of the phantom 
was O.II r per minute in the absence of the 
screen. Of this amount about 16 per cent 
was primary radiation (Technical Appendix 
A-4). These observations are in substantial 
agreement with similar data obtained by 
Cillev, Kirklin and Leddy.” 

From this it follows that in the presence 
of the phantom the screen could not have 
contributed appreciably to the radiation at 
the locations p, B, c. The effect of the 
phantom on the radiation from the table 
top is not easily ascertained. However, it 
has already appeared that little radiation 
is scattered from a canvas litter and the 
amount attributable to the phantom can 
therefore be estimated with sufficient ac- 
curacy by making subtractions in the way 
indicated by the asterisks in Table 1. 

In agreement with previous investiga- 
tors, it appears that the secondary radiation 
from the “patient” is of preponderant 1m- 
portance. Only in the case of the unpro- 
tected diaphragm was there found a greater 
amount of radiation from any other single 
component of the assembly. At the knee 
position of the operator, when large fields 
are used the radiation from the phantom 1s 
greater than that escaping from the bare 
tubt housing (cf. position c and x). The 
ratio between these components depends 
of course upon the shutter opening. It ap- 
pears that with a small portal (5 by 5 cm. 
on the screen), the radiation escaping from 
the tube housing might be the more impor- 
tant fa@tor. 

The Auxiliary Shield. The positions B, 
c, D were chosen at the outset to be sensi- 
tive to the effect of the final addition of the 
auxiliary shield. At position p the cylinder 
has a definite effect even though only a 
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Fic. 4. Absorption of secondary radiation by phan- 
tom material (or patient’s tissues). 


small fraction of the irradiated volume of 
the phantom is shaded from the "view" 
of the ionization chamber. With respect to 
lower levels, the shield is much more effec- 
tive. The region throughout which any 
such shield affords protection will obviously 
increase with the area of the shield and its 
proximity to the patient. The present re- 
sults may profitably be compared with 
those, presented later, which were obtained 
with a metal side panel on the table, since 
a "totally enclosed" table functions in cere 
tain respects like an auxiliary shield of 
maximum possible area. 

Absorption of Secondary Radiation by the 
Phantom. Except for some of the secondary 
rays generated at the border of the primary 
beam, there must occur some absorption 
of secondary rays within the irradiated 
volume of the phantom. A direct investiga- 
tion of this process is not readily accom- 
plished. However, as previously mentioned, 
this factor can be reduced to a minimum by 
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dose curves are shown. Care was faken that 
there should be practically no stray radia- 
tion other than from material in the useful 
beam, and all auxiliary supporting struc- 
tures were so disposed as not to distort 
the secondary radiation field under exami- 
nation. 

The conditions of roentgenoscopy are too 
complex to warrant any attempt at theo- 
retical prediction of distribution of second- 
ary radiation. There are, however, certain 
important factors, the magnitude of which 
can be estimated roughly, and an under- 
standing of these factors is of aid in the 
mental integration of the experimental ob- 
servations which follow. Confining atten- 
tion to conditions similar to those with 
which we are here concerned, the most im- 
portant considerations may be summarized 
as follows: 

1) Due to the strong and approximately 
exponential attenuation of the primary 
radiation, half the total scattering must oc- 
cur in considerably less than half of the 
irradiated body volume. A reasonable esti- 
mate is that about half of the scattering 
occurs in the first 3 or 4 cm. of tissue tra- 
versed bv the primary beam. 

(2) Neglecting absorption of the scat- 
tered radiation, and taking the intensity of 
forward scattering as 100 per cent, the 
lateral and back scattering may be expected 
to be roughly 45 and 65 per cent respec- 
tively. 

(3) Due to the situation set forth in (1) 
above, the radiation scattered in a forward 
direction must traverse, on the average, a 
much greater amount Of tissue than that 
ecattered in a backward direction. Due to 
absorption in tissue, the radiation which 
escapes in a forward direction must be 
weaker than that which escapes backward. 
An excess in the backward direction of 10- 
fold or more is to be expected. 

While the backward versus forward as- 
pect of the picture should be relativelv in- 
sensitive to minor variations in'size, shape 
or position of the bodv in the beam, this 
cannot be true of laterallv escaping radia- 
tion. The amount of absorbing tissue tra- 
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versed bv laterally scattered radiation must m. 


depend rather critically upon these factops, 
and although even the roughest P 
are of little value, useful qualitativ a 
dictions can readily be made in tMÉ light 
of the considerations which have juft been 
advanced. ° 

Disregarding absorption, theory indi- 
cates that the radiation scattered in a back- 
ward direction should be somewhat less 
penetrating than that scattered in a for- 
ward direction. Differences in the amount 
of body filtration in these directions can 
only enhance this effect. It is therefore to 
be expected that appreciable differences 
will exist in the penetrating power of the 
rays escaping in different directions, those 
escaping in a general backward direction 
being definitely "softer" in character. 

Discussing now the isodose curves* of 
Figure 5, we may return again briefly to 
the question of the influence of the size of 
portal. Under the conditions shown in 
Figure 5, A and B, the areas of the fields are 
10 by 10 cm., 20 by 20 cm., respectively, 
and the ratio of the areas is therefore 1:4. 
In Figure 54, the 0.60 r per hour isodose 
curve lies in the same position as the 2.4 
r per hour curve in Figure 5B; the 0.30 r 
per hour curve in 4 has the same position 
as the 1.2 r per hour curve in B; etc. It is 
seen that the intensity of secondary radia- 
tion Is nearly proportional to the area of 
the roentgen-ray beam on the fluorescent 
screen, other conditions being equal. The 
fact that this proportionality holds so ac- 
curatelv in this particular test is un- 
doubtedly attributable to the symmetry of 
the conditions. Had the body been irregitlar 
in shape, or disposed asymmetrically in the 
beam, a change in the average absorbing 
path of secondary radiation would un- 
doubtedly have led to some lack of pro- 
portionality. 

It is to be noted that in Figure *%sa the 
0.1§ r per hour curve occurs in such a posi- 
tion that the feet of the operator will not 






* Appreciation is expressed for the care with which these many 
measurements were made by P. D. Kueck and Henry Meyer of 
the National Cancer Institute. 





\ 


M 64 
i 


























d E 


THICKNESS* l.l MM. 






















TUBE AXIS 





Radiation Hazards During Roentgenoscopy 647 
LEGEND 
EQUIPMENT LAYOUT OPERATING CONDITIONS 
(ESSENTIAL DETAILS) KVP-85 
-MA — 5 
PHANTOM # CR FLUOROSCOPIC 15.3 R/MIN AT TABLE TOP 
FIBRE- BOARD SCREEN 9* H.V. L. = 1.6 MM. ALUMINUM 
DEPTH =2!1 CMS 3» = CONSTANT FACTOR 
WIDTH =31 CMS SIDE GUARD 
LENGTH: 21 (.56 MM.COPPER) 
HEIGHT = 15 CMS 
LENGTH=30 CMS ISODOSE CURVES 
TABLE TOP ( SECONDARY RADIATION) 
FIBRE - BOARD — = 2. R/ HOUR 
2.0 CMS F203 CMS -——-—-:4.2  R/HOUR 
| ——— - 0.60 R/HOUR 
PRIMARY BEAM SIDE PANEL es eeee2 20,30  R/HOUR 
Pl MM.IRON :0.15  R/HOUR 
# 20 GAUGE -----:0.10 R/HOUR 


—— — :0. 075 R/HOUR 


LEVEL 
EFFECTIVE DIAPHRAGM 
ALUMINUM 4 MM.LEAD 
FILTER 
TOTAL VALUE INDICES OF QUALITY 
LIO MM. X ADOED LEAD (SECONDARY RADIATION ) 
ENVELOPE EXPRESSED IN TERMS OF MM COPPER 
X-RAY TUBE LO MM. PB. * REQUIRED TO REDUCE INTENSITY 20% 
"RAY - PROOF" 4 ———34 = LESS THAN 025 MM CU 
05 6 30 45 60 —————» = 025 MM CU. 
—— > = MORE THAN 025 MM CU 


CENTIMETER SCALE 


HEIGHT* 5.0CM. p 
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Fic. c. Distribution of secondary radiation from phantom as affected by various roentgenoscopic conditions. 
A, primary field 10 by 10 cm.? at level of fluoroscopic screen; phafitom suspended immediately beneath 
screen—no table top. B, same as above except primary field was 20 by 20 cm. c, table top with iron trim 

; added below phantom. p, iron side panel added; iron trim removed. E, same as in B but edge of beam 
grazing phantom. F, same as E with table top and side panel added—as in p. G, same as F with pro- 


tective side guard. 
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receive an excessive dose even though these 
regions are unprotected. These observa- 
| support the emphasis placed by a 
r of investigators on the protective 
using the smallest practicable size 







nu 
value o 
of field. 

Compärison of B and £ (Fig. 5) shows the 
reduction in secondary intensity due to the 
presence of body tissue between the opera- 
tor and the path of the primary beam in the 
patient’s body. Alongside the phantom the 
intensity in Figure §B is from one-half to 
one-fourth the intensity at corresponding 
points in Figure sr. 

A simple table top, such as is found in so- 
called "light dutv" units, alters somewhat 
the distribution of secondary intensity. 
This alteration is of little practical signif- 
cance. There is a slight increase in intensity 
at upper levels probably due to the fact that 
radiation from the table top can reach cer- 
tain points without traversing as much of 
the phantom as required for the phantom 
radiation itself. At the level of the table 
top, and just below it, the table top pro- 
vides some shielding due to the fact that 
manv of the rays reaching this region have 
to traverse a long path through the material 
of the table. 

At levels well below the bottom of the 
phantom, the relative distribution of sec- 
ondary intensity is practically unaffected 
by any of the factors so far considered. 
With due allowance for the smaller beam 
energy of condition a (Fig. 5), the positions 
of corresponding isodose curves at the 
lower levels are practically the same in 4, 
B, C and E. On the other hand, the intensity 
disefibution of the more laterally emitted 
secondary radiation is quite sensitive to 
variation in conditions. These observations 
are in good agreement with the theoretical 
considerations which have been outlined. 

The relatively strong field of secondary 
radiatioh below the level of the phantom 
can be practically eliminated by steel side 
panels of moderate thickness, such as may 
be found in many so-called “totally en- 
closed" roentgenoscopic tables. This is seen 
in D, F and c, Figure 5. It is to be noted, 
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however, that the conditions of these tests 
differ in one respect from practical condi- 
tions in a table of this tvpe, which ordi- 
narilv possesses a horizontal slot to permit 
loading of the cassette tunnel. Unless some 
accessorv protective structure is present, a 
beam of secondarv radiation can escape 
through this slot. A very satisfactory ac- 
cessory would be a properly constructed 
auxiliary shield. As pointed out previously, 
the protective utility of this device depends 
upon its area, and proximity to the patient. 
It has been remarked by Braestrup* that 
on many tables there is considerable clear- 
ance between the “‘trochoscope cone" and 
the table, to avoid interference with the 
Potter-Buckv diaphragm. There have come 
to our attention onlv two tables in which 
construction was all that would be desired 
in this respect. 

[t is possible to obtain a many-fold re- 
duction in secondary intensity at levels be- 
side the phantom without completely wall- 
ing off the area between the screen and the 
table top. Comparison of the results of test 
G with those of test r (Fig. 5) shows an 
8-fold reduction produced by as little as 0.5 
mm. copper extending over a little more 
than a half of this area. From time to time 
through many years, various investigators 
have advocated lead rubber curtains hang- 
ing from the sides of the screen, or similar 
devices. From the present results it can be 
seen that such devices have great protective 
effectiveness. Apparently practical prob- 
lems of manipulating the patient have dis- 
couraged wider acceptance of them. It 1s 
our opinion that thefe is still the possibility 
of improvement in the compromise betweene 
requirements of protection and require- 
ments of making an examination efficiently. 
However, even without any additional pro- 
tective gadgets, minor modifications of pro- 
cedures in the light of a clear mental picture 
of the secondarv radiation field can go far 
in reducing exposureof theroentgenoscopist. 

e 


SUMMARY AND CONCLUSIONS 


An evaluation of radiation intensities 
from various sources and for various strata, 
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applicable to the position of the roentgenos- 
copist during horizontal roentgenoscopy, 
has been accomplished by means of ioniza- 
tion measurements. These studies have in- 
dicated the following: 

1. There is an escape of considerable 
roentgen radiation from conventional “‘ray- 
proof” roentgen tubes. The term “ray- 
proof” is misleading. Auxiliary protection 
such as a metal side panel or lead protective 
apron is often needed beyond the sphere of 
the roentgen tube housing. This supple- 
mentary protection is most needed when 
operating at relatively high potentials (e.g., 
above 80 kv., peak) and short distances 
(e.g., 12 inches from tube to legs of oper- 
ator). It is especially important as far as 
the cathode end of the tube is concerned. 

2. Large amounts of secondary radiation 
emanate from the irradiated side of lead 
shutters. Unless cut off by a cone extending 
from the tube housing to the shutters, or by 
some equivalent shield, this radiation is 
likely to overexpose the shins and feet of 
the roentgenoscopist. 

3. With no patient present, the operator 
may still receive appreciable amounts of 
secondary radiation from the roentgeno- 
scopic screen and from conventional table 
tops. The radiation from a very thin light 
table top, such as the United States Army 
litter, is very small. 

4. The patient is usually responsible for 
by far the greatest amount of secondary 
radiation. The downward and outward 
components of this radiation are of the 
greatest intensity. In spite of their much 
greater distance from the patient, the un- 
Protected legs of a roentgenoscopist could 
receive from this source exposures almost 
as great as would his unprotected hands if 
exposed to the exit beam between patient 
and the roentgenoscopic screen. 

Metal side panels, such as are found on 
substantial totally enclosed tables of the 
“heavy duty” type, are very effective in 
cutting off this backscatter from the pa- 
tient and table top. These panels are also of 
value as shields against the other sources of 
stray radiation mentioned in 1 and 2 above. 
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Tables which are not totally enclosed— 
"light duty" and field types—can provide 
nearly the same protection if equipe 
with a well designed auxiliary shiel 
combination of such a shield on tlfe table 
with alead rubber apron on the roegtgenos- 
opist is more protective than thg "heavy 
duty" type of table alone. 

5. The patient gives off secondary radia- 
tion in amount almost directly proportional 
to the dimensions (scope) of the primary 
beam. Thus, for example, with 20 by 20 
cm. under examination on the screen the 
secondary intensity is at most points about 
four times as great as with only 10 By Io 
cm. illuminated. This observation empha- 
sizes again the importance of using the 
smallest field dimensions possible—a pro- 
cedure beneficial in reducing the exposure 
of the patient as well as of the roentgenos- 
copist. 

6. The amount of radiation scattered 
laterally by the patient is about the same 
at 85 kv. (peak), 3 ma. as at 70 kv. (peak), 
5 ma. The difference in penetrating power 
of the radiations so scattered appears too 
small to be of practical significance. Thus, 
if equally good roentgenoscopic results are 
obtainable at 85 kv. (peak), 2 ma. as at 70 
kv. (peak), 5 ma., the higher potential is 
preferable from the point of view of protec- 
tion of the roentgenoscopist. 

7. A considerable absorption of second- 
ary radiation may occur in the tissues of 
the patient. When the primary beam is 
allowed to permeate those tissues nearest to 
the roentgenoscopist without there being 
any intervening portion between the limits 
of the beam and the lateral wall, the radiant 
intensity 1s about twice that which obtains 
when even so little as 3 cm. of tissue inter- 
venes to filter the ray s. This fact should 
serve as a warning against prolonged view- 
ing of the lateralmost tissues of a patient, 
unless there is provided for the roentgenos- 
copist adequate protection (such as a lead 
rubber apron or a lead protective shield 
hanging from the screen). 

8. The forward and lateral components | 
of the secondary beam are of the more 








penetrating quality of ray. Most commonly 
used types of equipment permit consider- 
le exposure on the arms and shoulders 
© roentgenoscopist from these rays. 
These Pacts prompt the recommendation 
that prtective gloves of long dimensions 
be worn! 

9. These studies have indicated that if 
the several sources of stray radiation are 
fully appreciated, satisfactory protection 
can be incorporated even into light and 
easily maneuverable equipment. If a lead 
protective apron and gloves are worn by 
the operator to supplement well designed 
builttin protection, he can realize security 
against roentgen radiation exposure, except 
for very limited portions of his body such 
as his arms and shoulders, perhaps. Except 
for these parts, the exposures can easily be 
kept well below conservative estimates of 
the tolerance dose; well below 0.04 r per 
hour, with the consideration of continuous 
roentgenoscopic activity or less than o.1 r 
for a strenuous ten hour day of intermittent 
roentgenoscopy. It should be borne in mind 
and emphasized that with any of the pres- 
ent day equipment (well designed "heavy 
duty," "light duty" or Army field units), a 
considerable exposure is incurred by parts 
of the body such as the shoulders—a 
quantity of the order of ten times the ac- 
cepted tolerance dose.* 

We wish to express our appreciation to Sergeant 


H. B. Kline of the Army Medical School for the sev- 


eral drawings. 


TECHNICAL APPENDIX 


. Phantom consisted of blocks of fiber board, 
coran called 'masonite," average thickness, 
0.53 1 cm. ; average density, 1.04 gm /cc. 

The * oval" phantom was constructed by cutting 
fiber board sheets and stacking them together so that 
the contour approximated closely an ellipsoidal cyl- 
inder of major axis 31 cm., minor axis 21 cm., length 
20 cm. The stack was bound together with twine. 

A-2. There was some concern as to trust of con- 
ventional ionization chambers for these measure- 
ments because of the relatively long wave length 
characteristics of the beam and the thickness of the 
wall of the chambers. Therefore a test run was con- 


J ducted using a chamber with a graphited paper wall. 


* For discussion see page 659. 
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With it the "readings were only 6 per cent greater 
when operating at 85 kv. (peak) or 7 per cent greater 
at 70 kv. (peak)— both as compared with tests with 
the conventional wall. A constant error of this mag- 
nitude was considered unimportant for these com- 
parative studies and therefore the standard chamber 
was used throughout. 

A-3. The quality of roentgen radiation is ordinarily 
determined using absorbers placed at some distance 
from the ionization chamber, in order to avoid the 
effects of secondary radiation from the absorber, 
which may be quite considerable. In cases such as 
this, where the source of measured radiation is ex- 
tended over a considerable volume, and different in- 
tensities are being received from different directions, 
the technique chosen appeared to be preferable to the 
more conventional procedure. On account of the 
quality of the radiation, aluminum would have been 
preferable to copper, but none was available in suita- 
ble form at the time the measurements were made. 

A-4. Discrimination between primary and second- 
ary radiation was accomplished in the following way: 
It was assumed that above the phantom the radia- 
tion consisted of two components, a primary com- 
ponent varying inversely as the square of the distance 
from the focal spot, and a secondary component 
varying inversely as the square of the distance from 
some unknown point in the phantom. On this basis 
there was derived a simple formula containing three 
arbitrary parameters which could be adjusted to ob- 
tain reasonable agreement with a series of measure- 
ments at different distances above the phantom. The 
values of two of these parameters were then sufficient 
to determine the intensities of the primary and sec- 
ondary components at the upper surface of the phan- 
tom. 
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PROTECTIVE FEATURES PROVIDED WITH THE 
UNITED STATES ARMY FIELD ROENTGENO- 
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SCOPIC EQUIPMENT* 


By ALFRED A. DE LORIMIER, M.D.,t DEAN B. COWIE, B.S.,1 


\ and THOMAS N. WHITE, Pux.D.§ 
e 
INTRODUCTION Such expressions appear to have become 


ROTECTIVE features, concerned both 

with electrical and radiation hazards, 
are usually provided at the cost of increased 
bulk and weight. They might readily be 
overlooked where ease of manipulation and 
maneuverability are required Yet these 
featüres are of the greatest importance to 
such equipment, particularly when it is to 
be used under conditions of stress such as 
characterize activities in the Zone of 
Combat. 

At first sight, our Army field roentgeno- 
scopic equipment may present the appear- 
ance of shortcomings so far as protection 
from roentgen radiation is concerned. The 
provisions which have been incorporated 
into the design of our two types of table 
units may not be immediately evident. At 
least thev have not been noted by a number 
who have spoken or written about this 
equipment. 

For instance, one well qualified. roent- 
genologist wrote as follows: “I understand 
that Dr. —— has just reported that a Field 
X-ray Unit scatters considerable radiation 
and the amount radiating to the head and 
neck is greater than the daily tolerance 
dose. Because of this I am extremely anx- 
ious to protect my men and myself from 
excessive exposure. I would rather have 
just one or two x-ray machines and be 
adequately protected than to have a displav 
of eight or nine machines and have no pro- 
tection.” 

The expression of another has been pub- 
lished gs follows: “It looks to me to be the 
most flagrant violation of the rules of 
fluoroscopy that I have ever seen." 


widely heard. They have reached the ears 
of roentgen-ray technicians. Frequently, we 
have received inquiries such as the follow- 
ing: "What are the needs for roentgeno- 
graphic technicians in the Service? I under- 
stand that there is a considerable hazard 
associated with this work in the Army. A 
friend told me that one is likely to become 
sterile in the course of such an assignment; 
Is this true?" 

Our usual explanation has been that no 
hazard exists without carelessness in use of 
the equipment and that no harm is to be 
expected as a result of roentgenologic ac- 
tivities with the Army, for adequate pro- 
tection has been provided. 

It is doubtful if the usual brief and cata- 
gorical assurances can dispel entirely. the 
fears which have prompted these remarks 
and inquiries. Yet time has rarely been 
available to give more detailed and satis- 
fying answers. 

Actually, there has been considerable 
thought about this matter. The basic de- 
sign provided many features of protection 
and the several manufacturers* have co- 
operated to the greatest extent. They have 
never hesitated to incorporate improve- 
ments beyond the requirements described 
in our specifications and they have initiated 
considerable investigation themselves.7 * 

The fundamentals pertaining to the vari- 


* Appreciation is expressed to the X-ray Division of the West- 
inghoise Electric and Manufacturing Company, who have been 
constructing the all-purpose table unit; to the Picker X-ray 
Corporation, who have developed the lighter weight essentially 
roentgenoscopic unit, and to the H. G. Fischer Company, who 
also are engaged in manufacturing the larger unit. 

+ Particular respect is paid to Mr. E. R. Goldfield of the Picker 
X-ray Corporation for the very detailed testings which have been 
performed under®his supervision. 


* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Chicago, Ill., Sept. 15-18, 1942. 
t Colonel, Medical Corps; Commandant, Army School of Roentgenology, Memphis, Tennessee. 

Í Research Fellow, National Cancer Institute, Bethesda, Maryland. 

$ Associate Biophysicist, National Cancer Institute, Bethesda, Maryland. 
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ous sources of radiation exposure have been 
described elsewhere.? Since the Army field 
equipment has been supplied in such great 
numbers and since it is being used by so 
many roentgenologists, it would seem ap- 
propriate to describe the protective features 
which have been provided. 


PROTECTIVE FEATURES COMMON TO THE TWO 
ARMY ROENTGENOSCOPIC UNITS (FIG. I) 
1. For roentgenoscopy, there is a fixed 

focal-roentgenoscopic screen alignment and 

distance (66 cm.). This feature serves to 
obviate mal-alignments of the primary 
beam or changes in the coverage of it by 
the roentgenoscopic screen as might apply 
in case the roentgenoscopic screen were al- 
lowed to move independently in relation to 
the roentgen tube. Many have advocated 
the use of a bonnet type of roentgenoscope 
which might be carried on the head of the 
operator to permit conducting these activi- 
ties in a lighted room. This plan, and others 
similar to it, were rejected for the very 

reason that they would incur too great a 

hazard of roentgen-ray exposure. 
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2. The area of the roentgenoscopic screen 
IS I2 by 16 inches, providing a large roent- 
genoscopic field and therewith a large are; 
of protection against secondary rag et 
from the patient. Many have recommended 
that in order to reduce the weight to a mini- 
mum and to facilitate the exchayfe of pta- 
tients, the dimensions of the 4oentgeno- 
scopic screen should be 10 by ro inches, as 
used in the first World War. These ad- 
vantages were sacrificed in favor of protec- 
tion. 

3. During foreign body localization, the 
skin surface can be marked by a special de- 
vice? which can be manipulated beneath 
the roentgenoscopic screen but without 
exposing the hands of the operator to the 
primary beam. This is made possible be- 
cause, with the method of localization 
which is used, the distance between the 
roentgenoscopic image and the skin surface 
Is subtracted in the final adjustment of the 
depth scale, and it is not necessary to 
position the roentgenoscopic screen directly 
upon the skin surface. If the latter design 
were used, a perforation for admitting a 
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Fic. 1. The two United States Army roentgenoscopic units. 4, the heavier but more versatile unit,! de- 
signed for all types of hospital installations where transportation is not too great a problem. B, the lighter 
weight unit, designed for usage for Air Service and for locations not easily accessible by motor transporta- 


tion. 


skin marker would be required, with re- 
sujtant escape of secondary radiation as 
well as some primary radiation and expo- 
sure of the face of the operator, as occurred 
with equipment used in the first World 
War. 

4. Stops are provided to limit the open- 
ing of «he roentgenoscopic shutter so that 
the border of the primary beam is restricted 
to at least 1 inch within the protective 
limits of the roentgenoscopic screen (cf. 
features 1 and 5). Thus, even with the most 
careless operation of the shutter controls, 


it is not possible for any part of a primary 
beam to escape beyond the limits of the 
protection provided bv the roentgenoscopic 
screen and its lead protective glass (pro- 
tection equivalent to no less than 1.5 mm. 
lead). 

5. The roentgenoscopic screen and the 
roentgen tube are mounted on a C-shaped 
support which is adjustable in the vertical 
plane, thu permitting variation of the 
focal skin distance and utilization of the 
greatest focal skin distance possible during 
localizations—and the least part-screen dis- 
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tance. [his feature serves to minimize 


roentgen radiation exposure of the patient 
and concurrently to reduce secondary 
radiation from the tissues. It is of advan- 
tage to utilize this provision for it also pro- 
vides for the optimum of visualization by 
Improving contrast and sharpening detail. 

6. Except for the portal for exit of the 
primary beam, the roentgen tube housing 
is impregnated with material possessing a 
protective equivalence of no less than 1.5 
mm. lead. 

Through the portal intended for the 
primary beam, the combined inherent filtra- 
tion is equivalent to o. mm. aluminum. 
This filtration consists of the wall of the 
insert tube (1.0 mm. pyrex glass), a thin 
laver of oil (1.5 mm.), a transparent bake- 
lite wall (1.5 mm.) plus an added fixed 
filter of 0.25 mm. aluminum. Thus un- 
necessary soft radiation has been elimi- 
nated while retaining intensity sufficient 
for roentgenography. 

For roentgenoscopy, in addition to the 
filter just described, there is a second fixed 
filter of o. mm. aluminum. This filter is 
fixed into the housing of the roentgenos- 
copy shutters. Thus, the total filtration 
during roentgenoscopy is consistent with 
the stipulation contained in paragraph 2.0: 
of Handbook HB-20 as compiled by the 
Advisory Committee on X-ray Protection 
and as published by the National Bureau 
of Standards. 

The shutter controls are contained in 
the vertical portion of the C-shaped sup- 
porting member, referred to above, at a 
liberal distance from the primary beam and 
fhe sources of secondary radiation. This 
feature serves to minimize the exposure 
incurred by the examiner’s forearm, and 
moreover it lessens the tendency for him to 
lean closely toward the side of the patient, 
whereby he would receive more extensive 
exposures. 

The method of foreign body localiza- 
tion is such that only three short exposures 
for alignments are required. The localiza- 
tion procedure can easily be accomplished 
within thirty to forty-five seconds whereby 
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even with the very shortest focal skin dis- 
tance (10 inches— allowing for a very heavy 
patient, a very old litter) and using 85 kv. 
(peak) and 5 ma , the dose at the fr of 
the patient would be approximately 15 
roentgens. The reading of the depth scale 
and the calibration scale can be mde only 
while the roentgen-ray exposuy# is inter- 
rupted, this feature being in contrast to so 


many methods which provide for reading of 


measurements with the assistance of fluo- 
rescence from the roentgenoscopic screen 

An adjustable limiting resistance is 
incorporated into the control so that when 
the thumbswitch or footswitch is tused 
(either being required for roentgenoscopv) 
the maximum milliamperage load can be 
limited to 5 ma. or any lesser value. 

The fastest type of roentgenoscopic 
screen is provided, minimizing exposure re- 
quirements to the utmost. 

The table top is a standard United 
States Army litter. 
materials of low 
and aluminum. 


atomic number—canvas 
The secondary roentgen 


radiation emitted from a litter type of 


table top is considerably less than that 
emitted from conventional table tops and 
thus this source of secondary radiation is 
relatively reduced. 

14. A lead impregnated apron and a pair 
of lead impregnated gloves are part of the 
contents in the field chest which accom- 
modates the control unit of the roentgen- 
ray machine. Thus, it is certain that at 
least one lead apron and one pair of gloves 
will be taken to every installation where 
the roentgen-ray machine unit is to be 
operated. The United States Army des 
not suggest; it enforces the wearing of a 
lead apron and lead gloves while using field 
roentgen-ray equipment. Samples of these 
items are tested at the Army School of 
Roentgenology and unless their quality is 
up to standard, including the requitement 
that a single thickness of either shall pro- 
vide protection equivalence of no less than 
o.§ mm. lead, these items are rejected. The 
supporting straps of the aprons provide for 
suspension from one shoulder to the oppo- 


It is constructed of 
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site hip— rather than from the neck— thus 
giving the maximum of comfort in the 
wearing of these otherwise cumbersome 
garnMgts. The standard gloves have a 
length of 37 cm., which is somewhat longer 
than gloves commonly used in many clinics. 
eis. AN auxiliary lead impregnated shield 
is suppli as a separate item. It can be 
adapted to either end and to either side of 
either of the two official table units. Thus, 
this item has an eight-way adaptation. It is 
carried as a separate item, as are the apron 
and gloves, for all three can be expected to 


deteriorate. The auxiliary shield is designed 
a 


* 

ment is used for horizontal roentgenos- 
copy, the distribution of stray radiation, 
above the table top, is essentially the same 
as with conventional roentgenoscopic equip- 
ment. Since the operator of Army equip- 
ment is required to wear a lead impregnated 
apron, it 1s only below this apparel that he 
could receive radiation in excess of that to 
which he might be subjected with con- 
ventional equipment. 

There are three important components of 
radiation to be considered in the region 
below the lead impregnated apron: leakage 
of primary and stray radiation from within 


TABLE I 


IONIZATION MEASUREMENTS WITH THE STANDARD UNITED STATES ARMY FIELD TABLE UNIT 
Roentgens per hour as measured at knee and foot positions for operator 





(apron not placed in position as it would be worn) 








Observer Glasser* 











Pickert Wintkeri Present Authors 
Size of phantom 06 MOK MSF ei. 25 X25 X25 cm 20 X31 X21 cm. 20 X 31 X21 Gini. 
Field at screen 25X25 cm. 25 X256 cm 26 X25 cm. 20 X20 cm. 
Knee 0.048 — 6.023 0.020 
Foot 0.048 0.036 0.008 © .020 











* Valuesin this column are presented with the kind permission of Dr. Otto Glasser, Cleveland Clinic Foundation. The values other- 
wise tabulated were obtained subsequent to an improvement in the method of fixation of the auxiliary shield. 

T Appreciation is expressed for the special interest by Mr. E. R. Goldfield and Mr. Tom Callaghan of the Picker X-ray Corporation 
in conducting independent testings from which this value was selected. 

t First Lieutenant, Sanitary Corps, Department of Roentgenology, Army Medical School, Washington, D. C. 


to protect the legs of the operator below 
the bottom of the lead rubber apron. With 
it the operator and attendants or observers 
are protected throughout the arc of greatest 
intensities of scattered radiation—con- 
sidering the lateral and downward trajec- 
tories with respect to the roentgen tube and 
screen.” 

16. Several types of instruction manuals 
are provided. They have been issued by 
thgeseveral manufacturers as well as by the 
Army. In particular, technical manual TM 
8-275 includes a chapter dealing with roent- 
gen radiation hazards. The possibilities of 
roentgen-ray injury are cited as well as the 
limitation of protection that can be ex- 
pected» 


RECIPIENT INTENSITIES OF STRAY 
RADIATION 


It has been shown? that when apparatus 
such as the Army Field roentgen-ray equip- 
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the tube housing itself; secondary radiation 
from the shutters and their housing, and 
secondary radiation from the patient. 
These have been discussed more fully in the 
preceding paper? It is the function of the 
auxiliarv lead impregnated shield (feature 
15) to protect the knees, legs and feet of the 
operator from these three components. This 
shield in conjunction with the lower part of 
the lead impregnatéd apron serves in much 
the same way as do the metal side panels or 
a totally enclosed "heavy duty” roentgen- 
oscopic table. 

The data contained in Table 1 are repre- 
sentative values selected from extensive 
testings performed bv the several observers. 
Measurements were made with the roent- 
gen tube in the middle position of table 
width as well as in the far and near posi- 
tions. The data here recorded are of maxi- 
mum values in this respect. Moreover, they 
are based upon the outer limits of roent- 
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genoscopic factors—85 kv. (peak) and 5 
ma. Thev are concerned with continuous 
exposures. It is estimated that, allowing 
for the exchange of patients, the marking 
and making of adjustments between ex- 
posures together with intermittent inter- 
ruptions of common practice, actual energi- 
zation of the equipment can be expected 
for approximatelv 25 per cent of the time. 
Thus two and one-half hours of continuous 
operation might be considered equivalent 
to a ten hour dav of roentgenoscopic ac- 
tivity. It will be noted that if the exposure 
values given in the table were adjusted for a 
ten hour day (multiplving by the factor of 
2.6) the summation values are well under 
the recognized tolerance dose. Similar low 
exposure intensities were found for the 
lighter weight unit. 


DISCUSSION 


The Subcommittee on Radiology* of the 
Committee on Surgery of the National 
Research Council, after hearing of the pro- 
tection features, together with the analyses 
which have been made and seeing the equip- 
ment, have expressed themselves with the 
following resolution: 


Investigations have been made of the pro- 
tection provided by the U. S. Army Field Ap- 
paratus. The Subcommittee on Radiology for 
the National Research Council is of the opinion 
that the protection is adequate if accessory 
equipment furnished is used according to in- 
structions. 


It has been pointed out that precautions 
have been taken to pretect the operator's 
ghest, trunk and lower extremities against 
exposures which many roentgenologists ac- 
cept daily upon their arms and shoulders 
with complete unconcern. These exposures 
of the shoulders and arms may be several 
times the internationally accepted tolerance 
dose. Is it to be concluded that the standard 
includes a factor of safety sufficiently large 
so far as exposure to a limited pertion of the 
body is concerned, to make us accept such 

* The Subcommittee consisted of the following: Dr. A. C. 


Christie (Chairman), Dr. B. R. Kirklin, Dr. U. V. Portmann, Dr. 
W. E. Chamberlain and Dr. E. P. Pendergrass. 
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exposures as safe? Geneticists have pre- 
sented evidence which indicates mal- 
effects to quantities of radiation consider- 
ably smaller than the tolerance dgfe, at 
least when exposing the reproductive or- 
gans. Yet so far as can be judged from 
the official statement of the a dost, 
any portion of the body, largas or small, 
requires the same protection as the whole 
bodv. For various reasons (e.g., pension 
claims, morale, etc.), the Armv 1s compelled 
to adhere as closely as possible to official 
standards. This leads to complications 
where the standards are equivocal. In an- 
ticipation of future problems as far a$ our 
Government is concerned and considering 
the interest which has been manifested bv 
the public as a whole, it would seem that 
radiologists and radiation physicists should 
strive for a more detailed specification of 
the tolerance dose; a definition of 1t with 
respect to exposure of the trunk, with re- 
spect to exposures of the extremities alone, 
or the whole bodv. 


e 
Cowie and Thomas N. White 


SUMMARY 


I. A description of the protective fea- 
tures incorporated into both types of Army 
roentgenoscopic equipment is presented. 

2. Sixteen features of design concerned 
with protection are described. 

3. lonization measurements of exposure 
concerned with parts of the body protected 
by a lead apron and the auxiliary lead pro- 
tective shield are tabulated. 

4. The resolution of the Subcommittee 
of Radiology of the National Research 
Council, expressing satisfaction with &his 
equipment, is cited. 

5. It is suggested that a more adequate 
definition of the tolerance dose be expressed 
with consideration of exposure of the trunk 
portions of the body, the extremities alone 
or the whole body. . 
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DISCUSSION OF PAPERS BY WHITE, COWIE 
AND DE LORIMIER 


Dn. RoBer®B. Tarr, Charleston, S. C. Two 
vears ago, before this Society, I had a little pa- 
per on stray radiation. Dr. Glasser, in the dis- 
cussion of that paper, said I had presented 
absolutely nothing new except colored lantern 
slides, but he went on to say that it was a good 
paper because all papers on stray radiation are 
good papers as they make us more conscious of 
the dangers that we are running if we are not 
careful. 

Colonel de Lorimier has presented some new 
material here: first of all, very careful tests all 
around roentgen tubes in operation, which, as 
far as I know, have not been accurately re- 
corded in the past. He has not only done that, 
but he has given us a large amount of informa- 
tion on the sources of secondary radiation which 
one gets around a fluoroscope. I have gone over 
his figures very carefully and studied both of 
these papers, and in my opinion this table is a 
perfectly safe apparatus with which to work un- 
der any ordinary circumstances. 

I definitely believe that any man doing roent- 
genoscopy ought to wear an apron. I think it i5 
a simple form of protection which means more 
than anything that can be done to the machine. 
I believe a man is taking a very foolish chance 
not to wear an apron. I do, however, know of 
lots of good lead rubber aprons that are hanging 
up on a peg on a wall while the radiologist is 
doing his roentgenoscopic work. I am glad to 
say that the pendulum has swung in the right 
direction in regard to roentgen-ray protection 
ant I am delighted to see papers of this kind 
presented. There is only one thing wrong about 
a presentation of this kind. It does not get to 
the right men. The members of the American 
Roentgen Ray Society know something about 
roentgen-ray protection. Where these papers 
ought so be given is back home in our local 
medical societies where men are fooling with 
small roentgen machines without knowing what 
they are doing. 

I have only to quote briefly a paper of our 
esteemed colleague, Dr. Pfahler, from the 
American Dental Journal a number of years 
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ago. Very *briefly, if | remember the story, a 
physician and a dentist went out shooting. 
There was a minor accident. One of them got a 
small shot in his finger. They came back and 
proceeded to remove it fluoroscopically under 
the dental roentgenographic machine, as a re- 
sult of which both of them had to have so many 
fingers amputated that the dentist had to quit 
doing dentistry and the surgeon had to give up 
surgery. 

Those things go on happening and I know of 
many cases that have happened after Dr. Pfah- 
ler wrote that paper. 

I think the manufacturers have done an ex- 
cellent job in making tubes shock proof. They 
have done a reasonably good job in making 
tubes ray proof. They have, however, as I said, 
not made the tubes fool proof and I do not know 
of any roentgen machine which will not give a 
dangerous dose of radiation to a man who stands 
in the beam of it. 


Mayor THeEopore S. West, M.C., U. S. 
Army. Colonel de Lorimier and his associates 
have made a great contribution in this investi- 
gation of roentgen-ray hazards. I have been 
greatly interested in the matter of roentgen-ray 
protection for many years, and it is mv belief 
that many of the younger roentgenologists do 
not fully appreciate the hidden dangers of the 
agent with which they work, and that they are 
inclined to expose themselves to an unsafe 
amount of radiation. 

Those of us who had the advantage of Profes- 
sor Shearer’s teachings appreciate the dangers 
to ourselves and to our patients, and have a 
wholesome fear of roentgen rays, which does not 
seem to be shared by the younger men. Indeed, 
some of the older roentgenologists seem to be 
getting careless of themselves—if not of their 
patients. 

I heartily agree wich Dr. Taft that this work 
of Colonel de Lorimier’s should be broadcast tò 
the medical profession at large, and not be pre- 
sented only to roentgenologists who are at least 
supposed to realize the dangers. Roentgenologic 
apparatus is now being purchased and used by 
an increasing number of physicians who have 
not had adequate training or instruction, and 
who do not appreciate the dangers. 

Advertisements for apparatus seem rather to 
emphasize the innocuousness of the roentgen ray. 
I recall a picture in one of the recent journals 
showing the patient cozily snuggled in bed, the 
mobile roentgen unit in position, the kindly doc- 
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tor along side, and the beautiful nurse with her 
toe on the foot switch. No protective apron or 
gloves, not even a reasonable distance protect- 
ing anyone from the scattered radiation. 

| recently visited the roentgen department of 
a fairly large hospital in which the control stand 
was in the same room with the roentgen table. 
No protective booth, not even a protective 
screen to shield the operator. 

| have recently seen several cases of severe 
roentgen burns resulting from the use of the 
fluoroscope for guidance in setting fractures or 
extracting foreign bodies. The victims, in four 
of these cases, were physicians who "didn't real- 
ize the danger." 

It seems to me that it is the responsibility of 
the radiological societies to make an attempt to 
educate the profession at large on this matter. 
Perhaps a brochure on the subject could be 
published by the combined societies, and, in 
cooperation with the manufacturers of roent- 
gen-ray equipment, given to every purchaser of 
a roentgen-ray apparatus. This may be a big 
order, but I believe it is our job to see that some 
such work is done. 


Dn. Lauriston S. Taytor, Washington, 

D. C. One of my main jobs for many years has 
been the study of roentgen-ray protection, and 
this paper dealing with radiation hazards dur- 
ing roentgenoscopy has been particularly 
gratifying to me because the authors have 
attacked a difficult protection problem and 
not become panicky in the process. I am prob- 
ably one of the strongest believers in protection, 
yet I feel that there has been a tendency to be- 
come panicky and to over-protect to the point 
where the equipment is no longer usable or 
where the medical procedures cannot be carried 
out adequately. Perfect protection can, in my 
opinion, be obtained only, by never turning on 
the roentgen tube. 
° I was particularly glad also to see the point 
brought out indicating the importance of scat- 
tered radiation from the patient's body. Many 
elaborate roentgen-ray protective installations 
have centered about the radiation which ema- 
nates from the tube, paying practically no at- 
tention to that which comes from the patient's 
body and from nearby metal surroundings, ta- 
ble tops and so on. As was very clearly pointed 
out a number of times, the bulk of the radiation 
does come from the patient and not from the 
tube proper. 

Mr. Singer, in our laboratory, has been 
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studying a number of pieces of new equipment 
for the Army. These have been what I believe 
Colonel de Lorimier describes as the heavy duty 
type of equipment. It has been our M is in 
practically every case, that if you examine the 
radiation which comes from the roentgen tube, 
vou will find evidence of leakage and your first 
reaction is to become very much upfet and to 
tell the manufacturer he has tot more lead 
around the tube. However, in practically every 
case—lI believe in every case—it is found that 
the simple sheet steel barriers which are put 
there for the purpose of electrical protection, or 
for mechanical strength are quite adequate to 
completely cut off the remainder of the radia- 
tion which does leak out of these tube housings. 
When I say completely cut off, I mean it re- 
duces it to a level beyond which it would be 
foolish to go any further, because you are op- 
erating in an atmosphere of stray radiation no 
matter what you may do otherwise. 

This matter of protection about the roentgen 
tube is viewed in this paper for the first time 
that I know of, in its proper light. 

There is one other point which was consid- 
ered in the course of the studies at Walter Reed 
Hospital. I have discussed these at considerable 
length with Dr. White and I am not sure 
whether or not they are going to mention this in 
the paper. In addition to the broad outlines 
which have been presented here, they have also 
studied specific small regions where more in- 
tense radiation might be obtained. For example- 
the radiologist must keep his hand on the shut, 
ter controls for a considerable period of time. 
That is behind the barrier, or at one side of the 
barrier, I believe, and it is quite conceivable 
that stray radiation from the roentgen tube 
might expose that particular location to much 
stronger radiation than would be encountered 
at any of the normal positions of the body. In 
this particular case, as an example, they carsjed 
the investigation through and found that the 
radiation was or could be reduced to a safe level 
and then pronounced the equipment safe. 

The authors are to be very strongly congratu- 
lated on the thoroughness with which this piece 
of work has been carried out. 


Cowie and Thomas N. White 


e 
COLONEL DE LonRiwrER (closing). I wish to 
thank the discussants and in particular Major 
West and also Dr. Tavlor for their kind remarks 
and to pay a tribute to Dr. Scheele and Mr. 
Cowie and Dr. White for the excellent work 
that they are doing in going around the coun- 
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try and conducting testings of the same sort 
with respect to the various roentgenoscopic 
rooms. Dr. Taylor and Dr. Singer are concen- 
tratigg on this matter of radiation hazards in 
het Rating of field roentgen-ray equipment. 

I wish to make one more remark. That has to 
do with a plea mentioned in the latter part of 
our secoNd paper, in which I tried to emphasize 
f radiation that is received by the 
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shoulders and arms of the roentgenoscopist re- 
gardless of the type of equipment which he is 
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using. In anticipation of future problems—I 
mean pension claims as far as our government is 
concerned—and considering the interest which 
has been manifested by the public as a whole, it 
would seem that radiologists and radiation- 
phvsicists should strive for a more detailed 
specification of the tolerance dose, a definition 
of it with respect to exposure to the trunk, with 
respect to exposure to the extremities alone, or 
with respect to exposure of the whole body. 


May, 1943 
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VAST literature has accumulated on 

the effect of irradiation on normal and 
malignant tissues since Heineke” in 1904 
described the destructive changes occur- 
ring in lymph nodes, spleen, and bone mar- 
row following irradiation by roentgen rays. 
He noted the occurrence of leukopenia and 
suggested that the diminution in circulat- 
ing lymphocytes was referable to selective 
destruction of lymphoid tissue by roentgen 
rays. His observations have been confirmed 
by numerous workers, ®”! and little of fun- 
damental importance has been added. Opin- 
ions concerning the mechanism of the ac- 
tion of roentgen rays on living tissue can be 
considered under three headings: (a) di- 
rect effect on cells, (b) indirect effect, 
local and general; (c) combined direct and 
indirect effect. 

Direct Effect. Numerous experimental studies 
have indicated that the most important action 
of roentgen rays on living tissue is the direct 
effect on cells, although there is no agreement 
concerning the mechanism.8:9:33.34.36 This effect 
will not be considered in detail. 

Indirect Local Effect. Many investigators are 
of the opinion that only by interaction of cells 
and tissue fluids surrounding the irradiated 
cells is the injurious effect of irradiation ac- 
cBmplished, e.g., production of secondary 
rays,?2' damage to endothelial linings of 
capillaries followed by proliferative changes,” 
alterations in permeability of cell membranes, 
or in the acid base equilibrium,” changes in the 
concentration of radio-ions," etc. 


Indtrect General Effect. Many investigators 
believe that roentgen rays produce an effect in 
organisms even in parts not directly exposed to 


ew the rays.5?* This indirect general effect has 


A 


been attributed (a) to circulation of toxic sub- 
stances!’:47 or more specifically to products of 
disintegration of proteins named necrohor.- 
mones;? (7) to the action on the autonomic 
nervous sytem; (c) to action on organs of 
internal secretion;‘!-46.!9 (d) to changes in» the 
chemical composition of blood ;!5/? (e) to changes 
in electrolytes,?? etc. 

Since the indirect general effect of roent- 
gen rays is doubted by some investigators, 
and few experimental studies have been 
reported, we have reinvestigated the char- 
acter and magnitude of changes produced 
in tissues of single and parabiotic animals 
exposed directly to roentgen rays or pro- 
tected from them while other portions of 
the body were subjected to irradiation. 
A few investigators have studied the ef- 
fect of roentgen rays on parabiotic animals, 
but these results have not been concord- 
ant. We shall describe first the changes in 
single animals. Observations on the effect 
of irradiation on the blood and blood form- 
ing tissues of parabiotic mice will then be 
presented. 


Changes in the bone marrow of animals fol- 
lowing exposure to roentgen rays have been 
described in numerous reports.?.19.15.22,37,38,39 42, 
545 As early as 1905, Aubertin and Beaujard* 
described the unexposed bone marrow of irga- 
diated rabbits as red and hy perplastic. Recently 
while our investigations were in progress, Hsü 
and Ma studied changes in the exposed and 
unexposed bone marrow, spleen, and lymph 
nodes of rats whose right hind limbs were ir- 
radiated with a daily dose of 125 r for a total of 
1,000, 2,500 or 5,000 r. Changes in the posed 
and non-exposed bone marrow were similar, i.e., 
increase of fat cells, hyperplasia of erythrocytes 
and hypoplasia of myeloid cells. The changes in 


* This investigation has been supported by the International Cancer Research Foundation, The L ady Tata Memorial Trust, and 
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parabiotic and 1 of the control mice were ir- 
radiated over the entire body, while the other 
parabiont and single mouse were completely 
shielded from the rays. Jn one experiment 
(Twins No. 294 and No. 298 irradiated with 
3,200 r) the mice were irradiated while under 
nembutal anesthesia and were not tied. In 
each experiment the number of leukocytes of 
parabionts and of single control mice was de- 
termined at two to three day intervals several 
times before, and from two to fifty days after 
irradiation. Blood was obtained from the tail 
vein, and specially designed small diluting 
pipettes were used permitting the accurate 
withdrawal of a small quantity of blood (ap- 
proximately 0.04 cc.). Differential counts were 
made on smears stained with Wright's and 
Giemsa’s solutions. Two hundred cells were 
counted except when the total number of leu- 
kocytes per cubic millimeter was less than 800 
when fewer cells were counted or differential 
counts were omitted. 

The phvsical factors of irradiation. of para- 
biotic mice were as follows: 200 kv., 15 ma., 3 
mm. A], 25 cm., 320 r per minute. In Twins No. 
149, 195, 300, 301, 302, 303 the phvsical factors 
were 198 kv., 25 ma., 68 cm., 94 r per minute. 
The mice died or were killed at intervals from 
one to fifty days following exposure. If one 
parabiont died, its twin and control mice were 
immediately killed. 

To observe indirect effects of irradiation sec- 
tions were taken from organs most distant from 
the site of irradiation, e.g., bone marrow from 
the left femur of the left mouse if the right 
member of a parabiotic pair was irradiated. 
Tissues were fixed in Bouin's solution and sec- 
tions stained with hematoxylin and eosin. 


OBSERVATIONS ON SINGLE ANIMALS 
Bone Marrow 


Mice. Soo r. Seventeen mice were ex- 
posed to 800 r over the entire body except 
the right leg. One or 2 mice were killed on 
each of the days after irradiation indicated 
below, together with a total of 6 non- 
irradiated control mice of the same stock 
and age. Reduction in the size of the spleen 
and lymphoid tissue of the irradiated mice 
was noted as yrecorded by other investi- 
gators. The his‘ological changes in the ir- 
radiated anc ‘non-irradiated femoral mar- 


-row are inditated in Table 1. 
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The direct effects on bone marrow of 
irradiation with 800 r may be summarized 


as follows: hyperemia beginning within. 


twenty-four hours and continuing fgg about 
ten days; decrease in the total number 
of hematopoietic cells, most conspicuous 
from the third to the fifth days; regen- 
eration beginning on the m or seventh 
day, approaching compl€tion bv the 
eleventh or twelfth day, and character- 
ized by increased number of megakary- 
ocytes from the tenth to the twelfth days. 

The indirect effects were as follows: 
slight hyperemia, present during the first 
two days; no reduction in the total n&mber 
of nucleated cells; slight increase of poly- 
morphonuclear leukocvtes during the first 
two days, and slight myeloid hyperplasia 
with increased numbers of megakaryocytes 
from the ninth to the twelfth days. 

2,000 r. In attempts to produce more 
conspicuous changes in non-exposed bone 
marrow of irradiated animals, 6 mice were 
irradiated with a large single dose (2,000 r) 
of roentgen rays over the entire body ex- 
cept one leg. The changes in the femoral 
marrow after irradiation were as follows: 


One Day. Direct Effect. There is conspicuous 
dilatation of vessels with moderate decrease in 
total number of hematopoietic cells, but meta- 
myelocytes, polymorphonuclears and mega- 
karyocytes are numerous. Indirect Effect. There 
is slight dilatation of vessels, but no decrease in 
the number of cells. 

Three Days. Direct Effect. Vascular dilatation 
is extreme and very few hematopoietic cells 
persist. There are several megakaryocytes. 
Indirect Effect. As in the preceding mouse. 

Four Days. Direct Effect. As at three day%but 
with only occasional megakaryocytes. /ndtrect 
Effect. Slightly more capillary dilatation than 
in the preceding mouse. 

Five Days. Direct Effect. Almost no hemato- 
poietic elements remain. /ndirect Effect. As on 
the fourth day after irradiation. e 

Seven Days. Direct Effect. Conspicuous vas- 
cular dilatation with several foci of regenerating 
cells among which are numerous metamyelo- 
cytes. Indirect Effect. Apparently normal bone 
marrow with slightly increased number of 
megakaryocytes and erythrogenic foci. 
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the unexposed marrow did not vary conspicu- 
ously with the quantity of radiation and were 
notably less than in the directly irradiated 
marrow. In the spleen directly irradiated, the 
lymph f€llicles were reduced in size, there were 
islands of erythroblasts in the red pulp and the 
number of phagocvtes increased with increase 
in the dose of roentgen rays. In unexposed 
lymph odere was reduction in the number 
and size of the Iv mph follicles in the cortex, in- 
crease in size of the sinusoids in. the medulla, 
and increase of plasma cells. The authors con- 
sider the changes in the spleen, lymph nodes 
and non-irradiated marrow as “‘compensatory 
hyperplasia." Akaiwa and Takeshima! studied 
the effect of irradiation on popliteal lymph 
nodes of rabbits, of which one knee was exposed 
to 4, 4, 1 or 2 "s. v. D.,” and the other used as 
"control." Sections were made at from thirty 
minutes to three weeks after irradiation. As 
early as one hour after exposure to 4 "s. v. D.," 
disintegration of lymphocytes in the lymph 
follicles began, reaching a maximum in from 
two to six hours. From this time on, marked 
phagocytosis was noted, the monocytes taking 
up the chromatin particles of the decomposed 
nuclei. This activity almost ceased after forty- 
eight hours. Regeneration of the lymphoid 
tissue then occurred and by the seventh day the 
node was normal except for slight increase in 
connective tissue. In the non-irradiated lymph 
node there was slight increase in the number of 
mitotic figures after one hour. At two hours 
there was disintegration of lymphocytes. Phag- 
ocytosis was present at twenty-four hours and 
fragments of cells were present to the tenth day. 
There was return to normal only after two 
weeks. Similar changes occurred with larger 
doses except that the end-result was fibrosis of 
both irradiated and non-irradiated lymph nodes. 


There have been numerous studies con- 
cerhing the effect of irradiation on cells 
of the circulating blood of single animals. 
It is certain that leukocytes and partic- 
ularly lymphocytes are profoundly dam- 
aged by roentgen rays®:17-18.28.41.44 although 
opinions differ as to the mechanism of leu- 
kopenia. 

A few investigators have studied the ef- 
fect of roentgen ravs in parabiotic animals. 
The results have not been uniform. 


While Zacherl and Zwerg, working with 
» parabiotic rats, found leukopenia in both the 
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irradiated and shielded animal, Woenckhaus* 
described leukopenia in the irradiated para- 
biotic rat and leukocytosis in the shielded 
parabiont. Behne* found leukopenia in both the 
irradiated and shielded parabiotic guinea pig 
twenty-four hours after irradiation; and whereas 
the irradiated animal showed progressive leuko- 
penia until its death five or six days after 
irradiation, the shielded parabiont showed an 
“enormous” leukocytosis two days after irra- 
diation. 


The contradictory results of these ear- 
lier studies on parabiotic animals can be 
explained as follows: The number of para- 
biotic pairs used is often not stated; in 
many instances the results in one pair only 
are analyzed. The number of leukocytes 
of small laboratory animals varies greatly 
under physiological conditions, and only 
a very marked drop or rise, if consistently 
found, should be considered significant. 
The quantities of roentgen rays used are 
frequently not stated, reference being made 
to small, medium or lethal doses. The in- 
vestigations were concerned with changes 
in blood counts without examination of 
the blood forming organs, and the relation 
of different doses of roentgen rays to the 
blood changes produced was not studied. 


MATERIALS AND METHODS 


The animals used came from several stocks 
of mice inbred in this laboratory for many years. 
In each experiment mice of the same stock, of 
the same age, and in many cases litter mates, 
were used. In animals in which only a part of 
the body was irradiated, the remainder was 
protected by from 3 te 6 mm. of lead and ade- 


quate precautions were taken against scattered, 


rays. 

For experiments on single animals the factors 
of irradiation were usually 200 kv., 15 ma., 25 
cm., 3 mm. Al, and 320 r per minute. In several 
experiments the factors were 200 kv., 15 ma., 
50 cm, I mm. Cu—1 mm. Al, and $0 r per 
minute. 

In the experiments on parabiotic twins, 2 of 4 
mice in each group were joined.in parabiosis by 
the method of Sauerbruch, as modified by 
Bunster and Meyer® with changes previously 


described.? Two to four weeks pe operation « 


all 4 mice were tied to a wire frarhe, and 1 of the 
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TABLE Í 
CHANGES IN EXPOSED AND NON-EXPOSED BONE MARROW OF MICE IRRADIATED WITH 800 r 
b c ———— ee —— - — - — -—- — 
«V Irradiation Changes in Bone Marrow 
Days Ty Capillary | Total Number Polymor- ee 
after — ype Dilatation of Cells phonuclears Megakaryocytes 
uc. Mesum : a — — €—À— na ee EM —€— 
| Direct | ded <+ | ++ o 
À Mader + O + O 
‘ | Direct | +++ <++ ++ | O 
j Indirect + O + O 
: Direct ++-+-+ <++++ <+4+++ « T4 
" [ndirect | + | O O O 
A E PEEN —————— SA ee S Gas —— Óu— ————————— 
Direct ++++ ++-+-+ ++++ <+++ 
Indirect O O O O 
Direct ++++ e 4 E «ES «HH 
5 Indirect O O O | O 
] Direct jp | dep Zitt Sq 
Indirect O | O O O 
Direct +++ «E <++4++4 <++++ 
7 Indirect O O O O 
; | Direct +++ | <++ LEE €T. 
| | Indirect | O O O O 
Direct | 4 <++ <+++ «E 
) Indirect | O + T T 
- Direct | je gd. xf | o 
Indirect O 4+ + | ++ 
it Direct | O | + O + 
Indirect | O + - ++ 
" Direct O J- O + 
i Indirect | O | + O + 
o —no effect. + + + =extensive. ° 
e? + =questionable. +++ + =very extensive. ® 
+ =slight. < =decrease. 


+ + 2moderate. 


6,000 r. In further attempts to produce dilatation of capillaries, and conspicuous de- 
more conspicuous changes 1 In non- exposed crease in the number of hematopoietic cells 
bone marrow of irradiated animals, g mice with slight increase in polymorphonuclears. 
were exposed to 6,000 r over the upper or Slight fragmentation of nuclei is evident. Jn- 
the lower half of the body. Three normal re Effect. There is slight hyperemia and a 
pi andi Sir feda hia changes guestionableelight decreas the total number 


d idle f of hematopoietic elements.” Wetultilobed poly- 
in marrow exposed to and shielded Irom  morphonuclear leukocytes ire increased in 
the roentgen rays were as follows: sri Dur. 


One Day. Direct Effect. There is moderate Three Days. Direct Effect. J 
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spicuous dilatation of capillaries, and almost 
complete aplasia. A few megakaryocytes per- 
sist. Indirect Effect. There is very slight hyper- 
emia. In 1 mouse there is questionable slight 
decrease in the total number of hematopoietic 
cells; in 2 other mice there is no obvious devia- 
tion from normal. 

Six Days. Direct Effect. There is very con- 
spicuous capillary dilatation and almost com- 
plete absence of hematopoietic cells of the mar- 
row. Indirect Effect. No abnormalities are 
noted. 

Rabbits. 1,500 r. The effect on bone marrow of 
irradiation with 1,500 r of the upper two-fifths 
of the bodies of rabbits is shown in Table ri. In 
the marrow of the humerus exposed directly to 
roentgen rays pyknosis was noted as early as 
two and one-half hours after irradiation. with 
subsequent marked destructive changes. In the 
femoral marrow not directly irradiated, there 
was questionable hyperemia and pyknosis after 
two and one-half hours; after six hours pyknosis 
was more evident. Hyperemia increased until 
the second day when increased numbers of 
polymorphonuclear leukocytes were noted i 
the non-exposed marrow. 


Comment. 'The effects produced in ex- 
posed and non-exposed bone marrow of 
mice receiving 800, 2,000, or 6,000 r to 
the entire body except one leg varied but 
little qualitatively. The larger the dose, 
the earlier noted was the decrease of hema- 
topoietic cells in the directly irradiated 
marrow. There was capillary dilatation in 
the unexposed marrow from three to five 
days after irradiation, but no decrease in 
the number of hematopoietic cells except 
perhaps one to three days after 6,000 r. 
These experiments show that in mice, after 
29 single exposure (with one leg shielded) 
*to as much as 6,000 r, there are no con- 
spicuous destructive effects in the non- 
exposed marrow after from three to five 
days. Six hours following irradiation with 

1,400 r of two-fifths of the bodies of rabbits, 
pyknosis was noted in non-exposed bone 
marrow with no destructive changes there- 
after. 








mph Nodes 


have long been recognized 
ost susceptible to direct ef- 


Lymphocy 
as the cells 


TABLE II 
EFFECT OF IRRADIATION OF UPPER TWO-FIFTHS OF BODIES OF RABBITS WITH 1,500 r 
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fect of roentgen rays and, as the following 
observations show, they are also suscep- 
tible to an indirect effect. 

Lyngph nodes from the neck and abdomen 
of g mice which had received 6,000 r to 
either the upper or lower half of the body 
wére examined. The significant changes 
several hougs after irradiation, slight in 
the shielded Md marked in the exposed 
nodes, were as follows: pyknosis and frag- 
mentation of the nuclei of lymphocytes, 
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two-fifths of the bodies of rabbits there 
was pyknosis and fragmentation in non- 
exposed spleens and mesenteric lymph 
nodes. Changes in non-exposed popliteal 
nodes were less conspicuous (Table 11). 

In 2 rabbits exposure of a leg to 2,560 
or 3,200 r was followed in six hours by 
slight but definite pyknosis and fragmen- 
tation of nuclei in non-exposed popliteal 
nodes (Table 1). Eight hours after the 
lower half of the body was irradiated with 


Tase III 


EFFECT OF DIRECT AND INDIRECT IRRADIATION ON LYMPH NODES OF RABBITS 












































— A Fragmentation and Pyknosis 
Dose of | Time of Exam- n Lean: Mad 

‘ anite j in Lymph Node 

Part Irradiated Roentgen ination after ! M i 
Rays Irradiation | TENOR. Shielded 
(r) (hr.) 

Left leg | 2560 6 de dde +. 

23 days later | 
Lower half of body 3200 8 +++ ++ 
Left leg 3000 6 +++ + = 
Ear 7280 | 7 — O 

especially in the germinal centers after a 3,200 r similar but more conspicuous 


few hours; hyperplasia of mononuclears 
with phagocytosis of cell fragments after 
twenty-four hours and removal of cellular 
débris during the next two days. After 
three days, the number of lymphocytes 
remained reduced in the exposed nodes. 

Two adult rats were subjected to biopsy 
of right inguinal and axillary lymph nodes. 
The following day 6,000 r was administered 
to the upper half of the body of 1 rat and 
to the lower half of the body of the other, 
ane? eight hours later the left inguinal and 
axillary nodes were removed. The nodes 
directly exposed to roentgen rays showed 
extreme fragmentation of the nuclei of 
lymphocytes and many of the fragments 
were within mononuclear cells. The shield- 
ed nodts likewise contained intracellular 
and extracellular nuclear fragments, al- 
though conspicuously fewer than in the 
nodes exposed to direct irradiation. 

As early as two and one-half hours 
after irradiation with 1,500 r of the upper 


p: 


changes occurred in shielded cervical, ax- 
illary and submandibular lymph nodes. 
The lymph nodes directly exposed to 
roentgen rays were extensively damaged. 
Although as much as 7,280 r was given to 
the ear of a rabbit pyknosis or fragmen- 
tation of nuclei was not observed seven hours 
later in an iliac lymph node (Table 111). 

Scattered radiation might be held re- 
sponsible for the changes occurring in non- 
exposed lymph nodes in animals as small 
as mice but the experiments on rats ande 
rabbits eliminate this possible criticism. 


Specificity of Changes in Shielded Organs 
of Irradiated Animals 


Are the changes—hyperemia, slight in- 
crease of polymorphonuclear leukocytes in 
the bone m&rrow, and ft mentation and 
pyknosis of nuclei in the lih nodes—spe- 
cific indirect effects of irraWjgtion, or non- 
specific? A study of the litersPure indicate: 







t 
x e 
668 W. A. Barnes and O. B. Furth Mav, 1943 
EI 
- * | 
that similar degenerative changes can be Mice under nembutal anesthesia were burned 


produced by burns,?" * heat, cold, electric by actual cautery over the abdomen and chest. 
current, and many chemicals and that there l'hey were killed from six to twenty-four hours 


is little if any difference between the histo- 
logical changes following irradiation. and 
those induced by other means??? A few 


later. The lymph nodes and bone marrow of 
these mice showed changes that wefe indis- 
tinguishable from those observed in these or- 
gans following indirect irradiation. The lymph 


experiments of our own confirm this obser- — nodes of 2 mice dying of iodoacetic acid poison- 


vation. 


ing also showed similar changes ger 
Tase IV 


CHANGES IN THE BLOOD FORMING ORGANS OF PARABIOTIC MICE FOLLOWING IRRADIATION WITH 
80O r OF ONE PARABIONT 
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OBSERVATIONS ON PARABIOTIC MICE 


Effect of Varying Doses of Roentgen Rays 
on the Blood Forming Organs 


v 

soo r. The blood forming organs of 7 
pairs of parabiotic mice were examined 
from one to eleven days after irradiation 
with 800 r of 1 member of each pair. At 
the same tim®the organs of 1 irradiated 
and 1 non-irradiated single control mouse 
were examined. Changes in spleen, lymph 
nodes and bone marrow are summarized 
in Table iv. 
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twin Is suggested by increased ervthro- 
poiesis in the spleen of 2 non-irradiated 
parabionts. 

3,200 r. In order to determine whether 
larger doses of roentgen ravs would pro- 
duce significant effects in the non-irradiated 
member of a parabiotic pair, 1 member of 
each of 2 parabiotic twins was exposed to 
3,200 r. One single mouse was similarly 
irradiated at the same time. One set of 
twins was examined four days and the other 
set six days after irradiation. The out- 
standing findings are shown in Table v. 


° TABLE V 


CHANGES IN THE 


BLOOD FORMING ORGANS OF PARABIOTIC MICE AFTER IRRADIATION OF ONE 


PARABIONT WITH 3,200 r 



































X =irradiated. C =non-irradiated. 


This experiment shows that following 
irradiation with 800 r the pathological 
changes occurring in the blood forming tis- 
sues of irradiated mice in parabiosis with 
non-irradiated mice are slightly less than 
those occurring in single mice similarly ir- 
radiated. There is slightly less reduction in 
the total number of hematopoietic cells in 
the*marrow in the irrradiated parabiont. 
Hyperemia and decreased cellularity in the 
spleen are less conspicuous in the irradiated 
parabiont than in the irradiated single con- 
trol. In the non-irradiated parabiont evi- 
dence of damage to hematopoietic tissue 
is mininial. While there may be slight hy- 
peremia in the bone marrow, decrease in 
the number of hematopoietic cells does not 
occur. There are no destructive changes in 
the spleen; however, that the non-irradiated 
parabiont is affected by irradiation of its 


Á 8 








Days after | Bone Marrow | Spleen 
No. of Mouse Irradiation 
Twin Examined Killed or ; | Reduction in | ,, . . | Reduction in 
Died Hyperemia | No. of cells | Ptythropoiesis | No. of cells 
299 X twin 4 ++++ | ++++ o | dd44 
C twin j | O E E N S | o 
298 X single | 6 ++ | FP bor O ++-++ 
X twin | | we | i at o +++ 
C twin de o O re 
C single | + | O + O 





There was severe damage to the spleen and 
bone marrow of the single irradiated mouse 
and of the irradiated twins; whereas, in 
the non-irradiated parabionts there was 
only slight hyperemia of the bone marrow, 
and, in 1, conspicuous erythropoiesis in the 
spleen. 

6,000 r. In a third group of parabiotic 
twins, the early changes produced by a very ® 
large dose of roentgen rays were studied. 
Six thousand roentgens were given to 1 
parabiont with the other shielded. One set 
was killed six hours and another seventy- 
two hours after irradiation. The results are 
shown in Table vr. 
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Fic. 1. The tissues illustrated in Figures 1,2, 3 and 4. Fic. 2. Cervical lymph node of mouse seven hou 





were fixed in Bouin's solution. The sections were after irradiation of upper third of body wi 
stained with hematoxylin and eosin. Magnifica- 3,200 r. Conspicuous pyknosis and fragmentati 
tion are approximately 750 X. are evident. 


Cervical lymph node of control mouse. 
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Fic. 3 and 4. rvical lymph nodes of mice seven hours after irradiation of lower third of body with 7,0% 
r (Fig. 3) andi 3,200 r (Fig. 4). There is fragmentation of lymphoid cells with phagocytosis by mon 
nuclear cells. 


/ 


e. i 
Voi. Studies on the 


49, No. 5 
lymphoid elements. Fragmentation of nuclei 
was also marked in thymus and lymph nodes 
and only slight, but definite, in the bone mar- 
row. The non-irradiated parabiont showed simi- 
lar lesions, but to a lesser degree. In the bone 
marrow the only change was an increase of 
polymorphonuclear leukocytes. 

n the parabionts examined seventy-two 
hours after irgadiation the irradiated member 
showed marked hyperemia of lymph nodes and 
conspicuous decrease of cellular elements of 
bone marrow, while the nonirradiated para- 
biont showed an increase of poly morphonuclear 
cells in the bone marrow. 
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as the result of injury to hematopoietic 
organs, by Helber and Linser™ as the result 
of direct injury to circulating blood cells 
and secondary changes in the blood form- 
ing organs due to circulating toxic sub- 
stances. 


Single Mice 


It seemed desirable to establish the ef- 
fect of varying doses of roentgen rayson the 
leukocyte counts of single mice so that the 
degree of change in the leukocyte levels of 
non-exposed members of irradiated para- 


e TABLE VI 


CHANGES IN THE BLOOD FORMING ORGANS AND THYMUS OF PARABIOTIC MICE AFTER IRRADIATION 
OF ONE PARABIONT WITH 6,000 r 




















| Hours X by mus Lymph Node Spleen Bone Marrow 
,, | Mouse miter l : : oy | E ~~ Hh 
No. dece Irradia- l Reduc Reduc- Poly- | Reduc- | Poly- | Frag 
of "n d tion Hyper Frag- tion in Frag- Pyk- | Hyper-| tionin | Frag- mor- | Hyper- tion in mor- | *Ta&- 
Twin, ‘Pe Killed emia menta- No.of | menta- | nosis | emia | No.of | menta-, pho- emia No. of pho- menta- 
or Died tion cells tion cells tion nuclears cells | nuclears| ton 
289 X twin 7 o pt T + Ss ae cae as FAT. at 4t a+ o THe p 
| C twin + NÉ ma o um ma T £p sar! dT T o SPI © 
| 
188 X twin 72 o o 3+ o ; , 4+ 4+ o o 
x Oo t o Not examined Oo o 2+ o 


C twin o 


X =irradiated. 

C =non-irradiated 

Comment. The changes occurring in the 
blood forming organs of a parabiont direct- 
ly exposed to 800, 3,200 or 6,000 r are simi- 
lar but quantitatively less than those occur- 
ring in a single mouse similarly irradiated. 
After irradiation of its twin with 800 or 
3,200 r the non-irradiated parabiont shows 
no destructive changes in the blood form- 
ing organs one to eleven days later. How- 
ever, seven hours after its twin received 
6,000 r the non-irradiated parabiont show- 
ed pyknosis and fragmentation of nuclei of 
lymphoid cells. In spite of the initial dam- 
age the non-irradiated mouse recovered al- 
most completely within three davs, whereas 
the irradiated twin shows persistent dam- 
age consisting of aplasia of bone marrow 
and marked decrease of cellular elements of 
spleen 4nd lvmph nodes. 


EFFECT OF VARYING DOSES OF ROENTGEN 
RAYS ON THE NUMBER OF LEUKOCYTES IN 
THE BLOOD OF SINGLE AND PARABIOTIC MICE 


Marked decrease of leukocytes in cir- 
culagng blood was explained by Heineke” 


Iw 


biotic twins could be correlated with the 
dose required to produce similar changes in 
single mice. 

Thirty-seven single mice were exposed 
over the entire body to doses of roentgen 
rays varying from Ico to 1,000 r. Leu- 
kocyte counts were made on the first, third, 
sixth, tenth, and in many animals on sub- 
sequent days after irradiation. 

Graph : shows that the number of 
leukocvtes in thecirculating blood decreases 
in direct proportion to the dose employed. 
With larger doses the drop in leukocytes ise 
evident one day after irradiation and reaches 
its maximum approximately six days after 
exposure with a gradual return to normal 
or above normal if the animals survive. 


Parabiotic Mice 
The effect of varying doses of roentgen 
rays on thé number o cocytes in the 
circulating blood was stu In 12 sets of 
parabiotic mice and 24 a&@gtional single 
controls. In each experimerf® 1 parabiont 
and 1 single mouse were irfadiated with 
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doses varying between 400 a 

400 or 450 r. Three sets ot 
twins (No. 9, 11, 13) and 6 singl 
studied. One parabiont of eacl 
single mice received 450 r. T... 13 
and 1 single mouse received an additional 
400 r one month after the first irradiation. 

Graph 11 shows that the average number 
of leukocytes after irradiation with 400 or 
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GnaPH 1. Effect of varying doses of roentgen rays on the leukocyte level of the blood of single mice. 
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* 450 r was decreased very markedly in the 
single irradiated mouse, much less in the 
irradiated parabiont, and not at all in the 
non-irradiated parabiont. Parabiotic union 
with a non-irradiated mouse prevented 
conspicuous depression of the leukocyte 
level of the irradiated parabiont. 

Soo r. In seven experiments 1 parabiotic 
and 1 single yue were exposed to 800 r, 
while the ot parabiont and another 
single mousdyf'ere shielded. One parabiont 
of Twin No? 149 received an additional 
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A 
‘teen days later. Graph m shows 
21s a greater decrease in the num- 
sukocytes in the single mice ır- 
with 800 r than in the twin ir- 


Furth 


“radiated with the same dose. Return of the 


leukocyte level toward normal is evident 
after ten days in the irradiated parabient 
but not in the irradiated single mouse. The 
non-irradiated parabiont sMÓws slight leu- 
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FIGURES IN PARENTHESES 
INDICATE NUMBER OF MICE 
IN EACH GROUP 
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kopenia, which was not evident in*ethe 
parabiont whose twin received only 450 r 
(Graph 11). 

7000 r. In this experiment 2 sets of para- 
biotic twins and 4 single control mice were 
used. Graph iv shows that irradiation with 
1,000 r lowered the number of lefikocytes 
greatly in the irradiated control, slightly 
less in the irradiated. parabiont and con- 
siderably less, but definitely, in. the non- 
irradiated parabiont. 

Comment. These experiments show that 
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when one member of a pair of parabiotic 
mice was irradiated with from 450 to 1,000 r 
there was leukopenia in the irradiated para- 
bionts, the degree being in direct propor- 
tion to the quantity of roentgen rays em- 
ploved. There was no leukopenia in the 
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e. 
QUALITATIVE CHANGES IN THE BLOOD 
PICTURE PRODUCED BY ROENTGEN RAYS 


IN SINGLE AND PARABIOTIC MICE 


It is well known that lymphoid cells are 


most sensitive to roentgen rays, and that 
their number in the blood of irradiated 


TED CONTROLS 


T 8 9 10 off 12 13 (4 I5 


IRRADIATION 


GrapH rr. Effect on the leukocyte level of parabiotic mice of irradiation of one member with 400 or 450 r. 


non-irradiated parabiont after exposure of 
its twin to 450 r. When its twin received 
800 or 1,000 r there was moderate to 
marked drop in the leukocyte level of the 
non-irradiated parabiotic mouse. The re- 
duction of the number of leukocytes in 
the irradiated parabiont is less marked 
than in the irradiated single control and 
the return toward normal occurs sooner. 


P 


animals decreases more rapidly than that 
of cells of the myeloid series. 


Single Mice 


In order to compare the qualitative 

o e. . i e ° 

changes in the blood, Ve of parabiotic 

mice with those in singi# mice following 
irradiation, differential covnts of 9 singl 
mice exposed to 400 r were made for 
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GRAPH II. Effect on the leukocyte level of parabiotic 
mice of irradiation of one member with 80oo r. 
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period of fiftv-four days. In Graph v the 
average numbers of polymorphonuclear 
leukocytes and lymphocytes are plotted 
before and at varying intervals after ir- 
radiation together with the total number 
of leukocytes. 

After one day, a conspicuous fall in the 
number of circulating lymphocytes and a 
slight rise of polymorphonuclears was 
noted. Thereafter the polymorphonuclear 
level fell but returned toward normal more 
rapidly than that of the lymphocytes. By 
the twenty-sixth day after irradiation 
there was a polymorphonuclear leukoeyto- 
sis which fell to normal by the thirty-second 
day. 


Parabiotic Mice 


450 r. One member of a parabiotic pair 
and a single control mouse were irradiated 
with 450 r. Total and differential leukocyte 
counts were made of the irradiated mice 


TWINS No. 50, 51. 
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GRAPH Iv. Effect on the leukocyte level of parabiotic mice of irradiation of one member with 1,000 r. 
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, ~ - . . . 
' betore and after irradiation as well as of the 


non-irradiated parabiont and. a single non- 
irradiated control. The results are shown in 
Graph vı. 

Graph vi shows a rapid drop in the num- 
ber of lymphocytes in the irradiated single 
c8ntrol mouse, while the lymphopenia of 
the irradiated parabiont is less marked. 
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e 
The changes in the differential count are 
combined and recorded in Graph vri. In 
the irradiated single mice there was a sud- 
den and profound drop of all leukocytes. 
In the irradiated parabionts the decrease 
is similar, but to a lesser degree. The non- 
irradiated parabionts show a very slight 
lymphopenia with leukocytosis two weeks 
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GRAPH v. Total and differential leukocyte counts on nine single mice irradiated with 400r. 


There is a rise of polymorphonuclears and 
lymphocytes in both the irradiated and 
nof-irradiated parabiont five days after 
irradiation of the former. The changes in 
the leukocyte level of the irradiated mouse 
of this parabiotic pair are obscured because 
of the preponderance of polymorphonu- 
clear leukocytes before irradiation. How- 
ever, the effect of irradiation on the lym- 
phocytes in the irradiated twin is less than 
on those of the irradiated control. 

soo r. One member each of 3 parabiotic 
pairs and 3 control mice were irradiated 


after irradiation, due to an increase of 
polymorphonuclear leukocytes. 

7,000r. After irradiation of 1 member of 
each of 2 parabiotic pairs with 1,000 r the 
lymphocytes drop very rapidly in the ir- 
radiated mouse; similarly, but to a lesser 
degree, in the non-irradiated parabiont. 
In the non-irradiated twins there is a more 
rapid recovery of the lymphocytes than 
in the irradiated single mice which show 
profound depression ut nphocytes with 
no significant recovery after two weeks 
(Graph vir). 
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GRAPH VI. "m uo changes in the leukocyte level of parabiotic mice following irradiation of 
one member with 4«4o r. 
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GnaPu vir, Qualitative changes in the leukocyte level of parabiotic mice following irradiation of 
: one member with 8oo r. 
DISCUSSION experiments, while a large single dose (1,500 


Changes similar to those described by r) of roentgen rays prodgced, after several 
others in bone marrow and lymphoid tis- hours, pyknosis in ios. UE marrow of U4 
sues of animals following exposure to roent- rabbits, tremendous single doses (6,000 rf 
gen rays have been observed by us. In our directed to a large part of the bodies of mice 
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failed to produce significant destructive 
changes in non-exposed marrow from one 
to several days after irradiation. However, 
hyperemia, increased numbers of poly- 
morphonuclear leukocytes and later hyper- 
plasia were found. The lymphoid tissues 
are more susceptible to indirect irradiation. 
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_ posed their rats t 
\ways and found disintegration of lympho- 
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number in the lymph follicles, while 


and Ma” irradiated their rats daily during 
at least eight days and remark “the changes 
in the lymph node, spleen and unirradiated 
bone marrow point to hyperactivity of the 
hematopoietic tissue.” 

In our experiments with mice, rats ard 
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GRAPH virt. Qualitative changes in the leukocyte level of parabiotic mice following irradiation 
of one member with 1,000 r. 


Exposure of the abdomen of rats to 3,000 r 
is followed in several hours by pyknosis of 
lymphoid cells in the thymus, and simi- 
lar changes have been described in non- 
exposed lymph nodes of irradiated rats and 
rabbits.! 1 

In studying the indirect effects of ir- 
radiation, Aka and Takêshima! ex- 


a single dose of roentgen 


‘cytes with consequent decrease in their 


* 
rabbits, there was conspicuous fragmen- 
tation and pyknosis in lymph nodes shielded 
from the direct action of roentgen rays as 
early as two hours following exposure to 
large doses. The following observations 
suggest that the magnitude of the mdirect 
effect of irradiation is dependent, at least 
In part, on the volume of tissue exposed, 
and not alone on the dose of roentgen rays. 
When 7,280 r was applied to the ear of a 
rabbit there were no significant changes in 
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istant non-irradiated lymph nodes. When 
a smaller dose (2,560 or 3,000 r) was direct- 
ed to one leg, however, fragmentation and 
pyknosis of non-irradiated nodes were 
noted, which were more conspicuous when 
the entire lower half of the body was ir- 
radiated. When the tails only of 6 mice 
were exposed to 6,400 r there were no sig- 
nificant changes in the lymphoid tissue 
several hours after irradiation, although 
smaller doses applied to one-half the body 
produced conspicuous changes in unex- 
posed lymph nodes. 

These observations lend support to the 
opinton that there is a "factor" produced 
in an irradiated animal which exerts dele- 
terious effects in parts of the body not di- 
rectly exposed to the roentgen rays. 

In regard to the specificity of changes 
produced by irradiation, Packard’! pointed 
out that cells that are susceptible to roent- 
gen rays are also susceptible to many 
other agents. In our experiments changes 
in lymph nodes and bone marrow follow- 
ing actual cautery applied to the skin and 
following iodoacetic acid poisoning were 
similar to those observed in unexposed or- 
gans of irradiated animals. Such experi- 
ments suggest that the changes produced 
in non-irradiated tissues are due to non- 
specific factors arising in the irradiated 
tissues and transported via the blood 
stream. 

The existence of a “toxic” factor in the 
blood has been described by Macht,” who 
examined by phytopharmacological meth- 
ods blood from animals and humans before 
and after irradiation. Blood withdrawn 
twenty-four hours after irradiation inhib- 
ited the growth of seedlings. The “toxic” 
factor responsible for these phytopharma- 
cological changes, however, has not been 
demonstrated in the blood within a few 
hours after irradiation when the changes in 
non-irwadiated tissues are first observed. 

The method of parabiosis offers a means 
to study further the character of the indi- 
rect effect of irradiation. If a mouse 1s 
joined in parabiosis and irradiated, while 
its parabiont is completely shielded, alter- 
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ations in the blood forming organs are sim- 
ilar to those occurring in a single irradi- 
ated mouse, but quantitatively there is 
slightly less damage in the irradiated para- 
biotic animal. The changes in the non-ir- 
radiated parabiont following 800 r to its 
twin are slight. After a very large dose 
(6,000 r) to one parabiont, there was hyper- 
emia of spleen and bone marrow, fragmen- 
tation of nuclei of lymphoid cells in thymus, 
lymph node and spleen of its non-irra- 
diated twin seven hours after irradiation. 
These changes were not present in the non- 
irradiated parabiont seventy-two hours aft- 
er irradiation, and were not found four to 
six davs after irradiation with 3,200 r. 

Leukopenia occurs in a shielded para- 
biotic mouse after exposure of its twin to 
oo to 1,000 r but the mechanism is not 
understood. There are at least two possible 
explanations. Erythrocytes injected into 
one parabiotic mouse are present in large 
numbers in the uninjected parabiont after 
several minutes.’ Therefore the altered 
blood of the irradiated parabiont presum- 
ably circulates in the vessels of the non- 
irradiated animal. It may be that following 
the fall in the number of leukocytes in the 
irradiated twin, leukocytes migrate from 
the non-irradiated to the irradiated para- 
biont. This would result in slight leukopenia 
in the non-irradiated mouse and would pre- 
vent the leukopenia in the irradiated twin 
from reaching the same low level observed 
in a single mouse similarly irradiated. Or it 
is possible that the blood of the irradiated 
animal is so altered that when it passes to 
the non-irradiated® parabiont it depresses 
the leukocyte level of the latter, but being 
diluted in the blood of the non-irradiated 
parabiont leukopenia is less in the irradi- 
ated twin than in a single mouse similarly 
irradiated. Both mechanisms may oper- 
ate. 

Leukopenia in an irradiated parabiont 
is less severe than that in an irradiated sin- 
gle animal* With modergte doses of roent- 
gen rays, changes in the*blood forming tis- 
sues of the non-irradiated parabiont are 
slight and the leukopenia is transient. 
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Differential counts show that the de- 
creased leukocyte level in the irradiated 
twin is due to a fall in both myeloid and 
lymphoid cells, more especially the latter. 
The leukopenia in the non-irradiated twin 
similarly is due largely to a lympho- 
penia. 

This can be explained either by passage 
of lymphocytes from shielded to irradi- 
ated animal or by the transfer of a noxious 
agent from the irradiated to shielded twin. 
Evidence for the former has been presented; 
the degenerative changes in the lymphoid 
tissues of shielded twins whose twin had 
received large doses of roentgen rays indi- 
cate passage of this toxic agent. 

These experiments suggest the possibility 
that an animal united to another by para- 
biosis might survive larger doses of roent- 
gen rays. A few experiments have sup- 
ported this assumption. Single mice almost 
invariably die following exposure to 1,000 r, 
but if Joined to another mouse by para- 
biosis they may survive. 


SUMMARY AND CONCLUSIONS 


Roentgen irradiation produces patho- 
logical changes in unexposed lymphoid tis- 
sue and bone marrow of rodents. This in- 
jury is due to nonspecific factors carried 
from damaged tissue by way of the circu- 
latory system, and its degree depends, 
among other factors, on the dose of roentgen 
rays and probably on the volume of tissue 
irradiated. The indirect damage is slight as 
compared to the direct effect. 

Parabiosis diminishe&S the deleterious 
effects of irradiation. When one member 
of a parabiotic pair is irradiated, the patho- 
logical changes in the blood and blood 
forming tissues of the irradiated mouse are 
less conspicuous than those in a single 
mouse similarly irradiated, while in the 
non-irradiated parabiont the changes are 
only slight. These observations indicate 


that the indirect pe of roent&en rays on 
lymphoid tissue afd bone marrow are due 


to humoral factors. 


W. A. Barnes and O. B. Furth 
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PART I 
A FALLACY IN THE CURRENT PRACTICE 
OF STEREOROENTGENOGRAPHY 


"T HP principle of stereoptics is well 
known. Objects viewed with a normal 
pair of eyes appear to have depth and dis- 
tance because of man's natural stereoscopic 
vision. Each eye receives a slightly differ- 





SCREEN 


FiG. 1. Æ, roentgen tube in fit position; B, roentgen 
" iei in second position; O, object; 7, shadow of 
object (O) on screen from roentgen tube (4); 
2, shadow of object (O) on screen from roentgen 


tube (B); H, eye. 


ent view and the two images are fused by 

the brain to give the stereoscopic impres- 

sion. Similarly if two photographs of the 

same object are made from slightly differ- 

ent positions and then viewed iif some type 
Lem c 


e 
of stereoscope so that each eye sees only 
one image, the brain can fuse the two 
images into one so that a true perspective 
in the correct spatial relation will be seen 
and an impression of depth received. 
Following the discovery of the roentgen 
rays, Sir J. MacKenzie Davidson applied 
this photographic stereoptical principle to 
roentgenography. Davidson's application 
is still used and has not been essentially 
changed up to the present time. The fol- 
lowing quotation from the “Manual” by 
Sante! presents the modern concept: 


Stereoscopic roentgenography is based on 
the same principle as stereoscopic vision. The 
two eyes see an object from two different view- 
points, approximately 2.5 inches apart—the 
average distance between the pupils of the two 
eyes. The two images thus secured are cor- 
related in the brain giving the sense of depth. 

In stereoscopic roentgenography, the same 
principle is carried out; two separate exposures 
are made, with different positions of the focal 
point of the tube 2.5 inches apart, without 
disturbing the position of the patient. If «he 
eyes are placed in the two positions of the focal 
spot they would obtain similar impressions to 
those recorded by the two X-ray exposures on 
the X-ray films. If by means of a stereoscope, 
these two roentgenograms are viewed simul- 
taneously, the right eye viewing the roentgeno- 
gram taken by the right shift of the target, the 


! Sante, L. R. Manual of Roentgenological Technique. Edwards 
Brothers, Inc., Ann Arbor, Mich., 1940. 
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ye viewing the roentgenogram taken by the 
left shift of the target, then the two images will 
be correlated in the brain giving asense of depth 
to the subject. 


The results obtained by this technique 
have not been satisfactory because it has 
net been recognized that, while the basic 
principle of stereoptics remains unchanged 
and unchangeable, its application in roent- 
genography is different from that in pho- 
tography. A photograph is the image of an 
object; a roentgenogram is the image of the 
shadow of an object cast upon a screen at 
some distance from the object. A roentgen- 
ograt is, therefore, the picture of a shadow. 

The New Concept. The new concept 
depends upon recognition of this fact that 
what the eve sees in a roentgenogram is 
not the object itself but the shadow of the 
object. Figure 1 makes this clear. The first 
position of the roentgen tube (4) casts a 
shadow of the object (O) at (7). The second 
position of the roentgen tube (B) casts a 
shadow of the object (O) at (2). Because 
the eye (H) views the shadow of the object 
and not the object itself, it is the amount of 
displacement of the shadows, that is to say, 
the distance between (7) and (2) which is 
the controlling factor and not the distance 
which the roentgen tube moves. 

Since the eyes do not view the object 
from the same position as does the roentgen 
tube, the tube should not be moved as if it 
were a camera. We have established by trial 
and error that if the shadow displacement 
is greater than 3 inch the average individual 
viewing these two roentgenograms through 
a stereoscope at reading distance will not 
beable to fuse the two images to obtain a 
sense of depth. Only voung individuals or 
persons of considerable experience with 
stereoptical pictures can fuse displacements 
of greater degree. Recognition of this fact 
is what has made successful stereoroent- 
genogr:fms possible. 

How 10 Calculate the Correct Displacement 
of the Tube. The shadow of the part of the 
object nearest the roentgen tube and far- 
thest away from the film is displaced the 
greatest distance when the roentgen tube 
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is moved. Thus in Figure 2 the shadow of 
(C) has a greater displacement than the 
shadow of (D). Moreover, the farther the 
object is away from the film, the greater 
will be its displacement. But as explained, 
the shadows thrown by (C) must not be 
greater than 3 inch apart. If, then, it is 
arranged that no matter what distance (C) 
is away from the film, the displacement 
shall be not more than 3 inch, then the 
shadows of all other points will have less 


A 





lic. 2. 4, roentgen tube in first position; B, roentgen 
tube in second position; C, point of object farthest 
away from screen; C’, shadow of object (C) from 
roentgen tubes (4) aud (B); D, point of object 
nearer than (C) to the screen; D', shadow of object 
(D) from roentgen tubes (,7) and (B); H, eye. 


displacement than 3 inch and thus be read- 
ily fusible. In other words, the maximum 
amount of displacement being fixed, the 
amount of movement of the tube has to 
vary for each object to be roentgenographed. 


This distance can becalculated very simply. 


Example 1 ° 


In Figure 3, ł inch displacement of the 
shadow of (C) is required. 
Most distant point of object from film..10 in. 
Anode to point of object... .20 in. 
Faili-anode distante. ..oodsoa oca 30 in. 


Then 3:10::X:20. Therefore X = { in. 


Example 2 

Take another instanee.y which the distance 
of the object (C) from the film is 6 inches and 
from the anode 30 inches. Then $:6::X:30o 
Therefore X 2 1$ in. 
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Thus in Example 1, 3 inch displacement 
will be obtained if the roentgen tube 1s 
moved between each exposure a distance 
of 3 inch in a horizontal straight line. In 
Example 2, however, the tube will need to 
be moved 12 inch to obtain the same dis- 


placement. 
When this formula is strictly adhered to, 
the two resultant roentgenograms are 


fusible for the average individual and can 
justlv be called true stereoroentgenograms. 





/0" —— 420" 


teal 


SCREEN 


FiG. 3. Æ, roentgen tube in first position; B, roentgen 
tube in second position; C, point of object farthest 
away from screen; H, eye; X, distance of roentgen 
tube shift from (4) to (B). 


The procedure for taking these stereo- 
roentgenograms is the usual one. When 
taking the first roentgenogram the operator 
directs the tube at the object in the usual 
way. He then moves the tube to his left 
the calculated distance. In order to facil- 
itate this, the rod carrying the tube should 
be calibrated in eighthg of an inch. Since at 
present this is not done, the calculated 
* distance must for the time being be meas- 
ured with a ruler. The second exposure is 
then made. 

The films so obtained may be viewed by 
any method such as the converging lens 
stereoscope or the reflecting mirror (Wheat- 
stone) stereoscope at reading distance. 

Summary. It has been shown that the 
current practice af jeroducing stereoroent- 
genograms based on the photographic 
principle of the interpupillary distance is 
incorrect. 


ə 
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Because the roentgenogram is iind 
image of the object but a shadow of that 
object, allowance has to be made for the 
distance of the object from the film. 

It has been found that the maximum 
deviation between the shadows on the two 
roentgenograms which can be readily fés- 
ible by the average individual is 2 inch. 

For this reason, the disptacement of the 
tube must be varied in each case to insure 
that no more than this maximum deviation 
be produced. 

The formula for calculating the dis- 
placement of the tube is given. 


e 
PART II 
SINGLE-FILM STEREOROENTGENOGRAMS- — 


A NEW AND SIMPLE METHOD OF 
STEREOROENTGENOGRAPHY 


In Part 1 we have demonstrated a fallacy 
in the current practice of making stereo- 
roentgenograms, and a new technique of 
taking stereoroentgenograms which makes 
them readily readable by even the inexperi- 
enced eye. In this part we are concerned 
with a method of using this technique to 
produce on a single film a roentgenogram 
which, when viewed through polarizing 
spectacles, gives the same effect of depth 
as when two roentgenograms taken from 
different angles are viewed in a stereoscope. 
Cumbersome and costly stereoscopic ap- 
paratus thus becomes unnecessary. 

The Single-Film Stereoroentgenogram. A 
single tri-dimensional film has been adopted 
for this purpose. The principle of this 
special film is that each side of it polarizes 
the light at right angles to the other. The 
image on each side corresponds respectiWely 
to the images of the two stereoscopic 
roentgenograms. These are viewed through 
special spectacles, each lens of which is 
polarized at right angles to the other. The 
degree of angulation of one side of the print 
corresponds to the degree of angulhtion of 
one lens and that of the other side of the 
print to the degree of angulation of the 
other lens. Thus each eye picks up the 
image of only one side of the negative. 
These two separate images are fused in the 
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process the second developed Toentgeno- 
gram, using the same times for exposures, 
developing and wash-off bath. 

Note: If both films are exposed and proc- 
essed in the same operation the resulting 
Wash-Off Relief Films will be of exactly 
the same quality and there will be a saving 
of time. 

6. Register both Wash-Off Relief Films 
by putting their gelatin sides face to face 
so that their edges agree and clip them 
securely together. The images then overlap 
each other to the maximum of 3 inch. 

7. Now attach a strip of adhesive along 
the length of the top border of the upper 
film, with half of its breadth free. Turn the 
films over and apply another piece of tape 
similarly so that the free edges of the tape 
stick to each other. To reinforce this hinge, 
place an additional strip of adhesive on 
top of the other two strips on each side, 
slightly overlapping and sticking to each 
other. Punch two or three holes, depending 
on the size of the film, through the hinge 
where the film ends, so that half the hole 
is through the films. These are used for 
drainage of the printing solution which 
occurs in a later step. 

8. Immerse the resulting registered films 
for one minute in a bleaching solution 
which takes out the silver stain and hardens 
the gelatin. Rinse in running water until all 
the color of the film is washed out. Immerse 
the films for two minutes in the printing 
solution, keeping the surfaces of the films 
apart by a metal rod. The gelatin of the 
fim absorbs the printing solution in pro- 
portion to the thickness of the gelatin re- 
elief. 

g. Remove the films from the solution and 
spread them apart without detaching them 
at the hinge. The excess ink drains out 
through the holes in the hinge. 

10. Insert a commercially prepared sheet 
of special polarizable material between 
them and pass the three, hinge-first, through 
a wringer with rubbg rollers which apply 
a moderate pressure. This transfers to 
each side of the polarizable sheet the 
respective relief images contained on each 
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Wash-Off Relief Film. The amount of gaude 
transferred determines the degree of polar- 
ization, and so produces a roentgenogram 
of varying densities. 

11. Leave the polarizable sheet between 
the two Wash-Off Relief Films for one 
minute, then peel them off. At once mark 
the part of the sheet which was nearest the 
hinge, "Top." (If the topeof the sheet is 
held at the bottom, the shadows on the 
roentgenogram will appear to recede in- 
stead of advance; and if the right hand 
picture, instead of the left, is turned, to 
make the mirror image, the shadows will 
also recede.) " 

12. The print is now ready, and appears 
as two blurred images, as in Figure 4. It 
may be viewed immediately, through the 
special spectacles, and will appear in ster- 
eoptic relief. 

For a permanent record, allow the print 
to dry for five minutes and lacquer both 
sides of the polarized sheets to avoid 
scratching. 

This process, though it takes time in the 
describing, 1s in fact simple and quick. It 
does not require more skill than can be 
reasonably expected from a roentgen-ray 
technician, and the whole process, from 
the completed roentgenograms to the wet 
stereoroentgenogram ready for examination 
can be completed in seven minutes. 

Summary. 4 method has been described 
whereby a stereoroentgenogram can be 
produced on a single film. This single-film 
stereoroentgenogram, when viewed through 
polarized spectacles, gives a tri-dimensional 
view. Moreover, it can be viewed by more 
than one person at a time, or be projeceed 
on a screen and demonstrated to an audi- 
ence. Reflection. tvpe and transparent 
prints can be studied through a magnifying 
glass. 

It will be apparent, therefore, that the 
single-film stereoroentgenogram represents 
a great advance over the two-film stereo- 
roentgenogram which can be viewed only 
in a special apparatus and by one person 
at a time. Production of the single-film 
stereoroentgenogram does not require 
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Pakain, producing the stereoptic picture. 


lhe single-flm stereoroentgenogram has 
several advantages over the usual double- 
film tvpe. It can, for instance, be projected 
on a screen and thus a stereoscopic view 
be obtained by a whole audience instead 
o$ by one person only at a time. 

To do this, the stereoroentgenogram 1s 
placed in an erdinary lantern slide pro- 
jector and projected on a metallic screen, 
made by painting a glossy surface with 
aluminum paint. The function of the alu- 
minum screen is to maintain the polariza- 
tion of light. Alternatively the film may be 
alurhfinum-painted on one side and viewed 
as a reflection tvpe print. Finally, both 
film and reflection tvpe print can be viewed 
through a magnifying glass without depol- 
arizing the light and therefore a stereoptic 
view is still obtained. 

How to Produce the Single-Film Stereo- 
roentgenogram. The usual two roentgeno- 
grams are taken. When the first has been 
taken, the tube is moved to the /e/? over 
the distance calculated, as described in 
Part 1, and the second roentgenogram 1s 
taken. This second roentgenogram 1s known 
as the /eft hand roentgenogram, and it is 
important so to mark it for use in the 
process of developing. 

The process described below is now 
followed. 

1. Develop the two exposed films in the 
normal manner. Lay them down in ordi- 
nary viewing position, and turn the second, 
or left hand roentgenogram over. This gives 
a mirror image to the first roentgenogram. 
Turn off the light and illuminate the 
darkroom with a Wratten Safelight, series 
“O” or “OA.” Place a Wash-Off Relief 
Film (as used in color photography), shiny 
side up on a flat surface. Place one of the 
developed roentgenograms over the Wash- 
Off Relief Film, and then expose it to a 
light sfPurce from above. When using a 10 
watt bulb, 3 ft. distance, the exposure time 
varies from four to twelve seconds. If the 
film is very thin and the light source too 
great, the bulb may be obscured to diminish 
the candle power. 
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Fic. 4. Two blurred images appear to the naked eye. 


2. Now attach a clip to the Wash-Off 
Relief Film and immerse the film in the 
developing solution, holding the smooth 
side to the bottom of the tray. This is done 
so that the gelatin is not scratched by the 
bottom of the trav, the gelatin being on the 
rough side. Agitate gently in the devel- 
oping solution from one to two minutes. 
The above steps give an opportunity to 
exercise further control and to remedy 
faults of over or under exposure of the 
original roentgenograms. The developing 
time Is proportionate to the densitv of the 
film. , 

3. The film is next washed in water an@ 
quickly immersed in the Wash-Off Relief 
bath. Agitate vigorously for one minute 
with the gelatin side facing up so that the 
tray does not scratch it. This washes off 
all the undeveloped gelatin and the ordi- 
nary lights can then be turned on. 

4. Rinse the film in running water to 
complete the procegs of washing off the 
undeveloped gelatin, which may be assisted 
by gently rubbing with the fingers. 

5. Hang this film out of the way and 


VoL. 49, No. 5 


PARENT trained technicians nor expensive 


equipment. Its use is thus not limited to 
large hospitals. The single-film stereoroent- 
genogram should have great use at the 
present time in war surgery. It should ac- 
celerate operative procedures by the mil- 
itary surgeon in the field since it can be 
applied wherever a roentgen-ray unit is 
carried, it can lee taken into forward areas, 
and it 1s unaffected by climatic conditions. 
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PART III 


A DEVICE FOR MEASURING DEPTH IN 
SINGLE-FILM STEREOROENTGENOGRAMS 


In the previous part we have shown 
some of the advantages possessed by the 
single-film stereoroentgenogram over the 
conventional double-film stereoroentgeno- 
grams in current use. These advantages 
lie in its simplicity of viewing and making, 
its cheapness and its universal applicabil- 
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Fic. 5. Horizontal and vertical grid. 
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ity. But the single-flm stereoroentgeno- 
gram possesses yet another and even greater 
advantage than any of these, which is that 
the depth it portrays can actually be meas- 
ured, and with great accuracy. By means 


SPOKE 


METAL Rod 


TOP VIEW @) SIDE VIEW (6) 


Fic. 6. Vertical depth grid. 


of a simple device it is possible to calculate 
the precise depth at which, for instance, a 
foreign body embedded in the tissues lies 
from the surface. When the unsatisfactory 
nature of the present methods of measur- 
ing spatial relationships in stereoroentgeno- 
grams is borne in mind, it is apparent that 
this possibility represents a considerable 
advance. 

The Depth Measuring Grid. The grid 
which we have devised consists of two 
parts, a horizontal-vertical and a depth 
grid. 

1. The horizontal-vertical grid is made of 
a I4 by 17 inch sheet of plastic material 
transparent to roentgen rays. Embedded in 
this plastic material are wires, running in 
a horizontal and vertical direction ate 
distances of 1 cm. apart. The abscissae 
are designated by letters, the ordinates by 
numbers, so that any of the squares formed 
by the crossing wires can be designated 
(Fig. $). 

2. The depth grid 1s a long metal rod to 
which short spokes are attached at right 
angles and* arranged spirally around it 
(Fig. 6, a and 6). These spokes are spaced 
at equal distances apart and numbered. 
Different length grids with different spoke 
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intervals are necessary according to the size 
of the object being roentgenographed— 
hand, chest, etc.—as will be explained 
later. 

The horizontal-vertical grid is incor- 
porated in the cassette and the object to 
be roentgenographed is placed upon it. The 


depth grid is attached to the horizontal- 
~ 





Depth grid and cassette. 


Fic, 4. 


vertical grid at right angles and in contact 
with the object, thus occupying the third 
dimension. The resulting. roentgenogram 
shows the images of the object, of the 
horizontal-vertical grid behind it, and of 
ethe depth grid beside it (Fig. 7). 

When such a stereoroentgenogram 1s 
viewed through the polarizing spectacles, 
the image of the depth grid will be seen to 
emerge from the datum plane of the hor- 
izontal-vertical grid together with the 
image of the object. This enables the ob- 
server to compare the object-image with 
the calibrated depthámage since both are 
in the same stereoptical field (Fig. 8). 

Different Sizes and Types of Depth Grid. 
Different sizes of depth grid must be used 


according to the part of the body toedeg 
roentgenographed— the thicker the part, 
the coarser the grid. Thus for the hand, a 
3 inch long grid with short spokes at small 
intervals will be suitable, while for the 
chest, a longer grid with wider spoke 
spacing will be required. If the forei&n 
body is located between two spokes and 
more accurate localizationeis necessary, a 
finer depth grid can be inserted between 
these two spokes and another stereoroent- 
genogram is taken. 

We have experimented with several types 
of depth grid, such as staircase, ladder, 
concentric circles and continuous spirals. 
These grids have been applied to special 
types of work. The depth grid described 
is the simplest and has been found to be 
the most generally useful. 


DEPTH GRID 


OaBvecTr 


HORIZONTAL ano 


CASSETTE VERTICAL GRIDS 


Fic. 8. The horizontal-vertical grid and the depth 
grid attached to the cassette, object placed in 
position and roentgenogram taken. ji 


Method of Determining the Position of a 
Foerign Body. 

A. Lateral Depth. Obviously this determi- 
nation is very simple. It is necessary merely 
to note the square or squares on the hor- 
izontal-vertical grid which the foreign 
body overlies. 


B. Vertical Depth. There are three meth- 
ods of calculating vertical depth. 
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e By simple observation through the 
polarizing spectacles, the relationship of 
the foreign body to one of the numbered 
spokes can be determined. The distance 
of that spoke from the horizontal-vertical 
grid being known, the depth of the foreign 
bedy is also known. For instance, if the 
foreign body is opposite spoke number 
four, and the spokes are at 1 inch distances 
on the particular grid in use, the depth of 
the foreign body from the surface is 4 
inches. 

2. In order to facilitate this observation, 
the image of the depth grid in the stereo- 
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(B) as shown in Figure 9, is calibrated in 
1/64 of an inch. 

Each object appears on the film as two 
images to the naked eye as in Figure 4. 
The distance between two shadows of each 
object is known as the disparity, and this 
disparity varies with the distance of the 
object from the eve of the observer. To 
determine, with mathematical accuracv, 
the depth of any given object, this dis- 
parity must be measured and compared 
with the disparity of the shadows of the 
spokes on the grid. The spoke which com- 
pares in disparity to the disparity of the 





Fic. 9. Polarized ruler. 


roentgenogram may be cut off and slid 
across "into" the object on the stereo- 
roentgenogram, in order to bring the grid 
closer to the object for easier comparison. 

3. This method 1s mathematically accu- 
rate and should be used to check the pre- 
vious observation, until experience has been 
gamed, particularly for the location of small 
bodies. Since the stereoptic vision of two 
observers may differ significantly, the use 
of this third method employs a polarized 
ruler. The polarized ruler consists of two 
transparent polarized sheets 2 by 1 inch, 
mounted on a 2 inch square of glass. They 
are secured by scotch tape, one above the 
other to the glass slab and have their re- 
spective fields of polarization at right an- 
gles to each other. The junction line, be- 
tween the two polarized sheets (4) and 


object indicates the depth of the object. 
To determine the grid spoke whose dispar- 
ity corresponds to that of the foreign body, 
the polarized ruler is used. First it is slid 
over the image of the foreign bodv in the 
stereoroentgenogram, keeping its calibrated 
edge parallel to the top of the film. It will 
then be seen that sheet (,7) picks up an® 
edge of the foreign body, sheet (B) the 
other edge. The distance between the two 
is measured with the ruler. Now the ruler 
is moved over to the grid and slid over 
the spokes until such a spoke is found, 
the disparity of which is equal to that 
measured on the foreign body. That spoke 
is at the same level a& the foreign body. 
For greater accuracy of localization, the 
skin surface should not be used as the base 
line for measurement, particularly in re- 
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gions where there is much soff tissue as, 
for instance, in the thigh. Here the muscle 
masses are freely movable and compress- 
ible, and a reading taken from skin level 
mav be several millimeters out. Instead, 
a bony landmark should be taken as the 
base. This landmark, for instance the an- 
i terior superior iliac spine, is related to one 

"spoke, the foreign body to another, and 
the distance between the two is measured, 
using for determination of each point the 
polarized ruler described. 

Summary. A simple depth grid has been 
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described for the localization of foreign We 
bodies and the determination of spatial] Wa. 
relationships. 

The method of calculation of depth by 
means of a polarized ruler has also been 
described. 

The importance of selecting a bony land- 
mark rather than the skin surface for 
determining the spatial ralationship of a 
foreign body has been pointed out. 


2 East sath St., 
New York, N. Y. 
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PYELOGRAMS IN ESSENTIAL OR HORMONAL . 


Te experimental animal studies of 
Goldblatt! and other investigators 
advanced the theory that renal ischemia 
Is a very important causative factor bring- 
ing about hypertension through a hormonal 
activity of a pressor substance formed in 
the ischemic kidney. Since then many 
articles have been written dealing with 
pyelographic examinations of patients ex- 
hibiting so-called essential hypertension in 
an endeavor to find some changes in the 
pelvis and calices of one or the other kidney 
with the hope that in such findings a caus- 
ative factor of renal ischemia might be 
removed. 

Numerous reports dealing with this 
subject have occurred in the literature. 
More recently Shrader, Young and Page? 
undertook a study in an attempt to answer 
certain questions in the interpretation of 
retrograde pyelograms of hypertensive 
patients who showed no evidence of "'sur- 
gical” renal disease. They posed two ques- 
tions: first, is there a pyelogram character- 
istic of hypertensives, and second, is the 
incidence of abnormal urograms in an un- 
selected group of hypertensives greater 
than in an unselected group of normoten- 
sive controls? In an attempt to answer the 
*first question, they limited their study to 
patients with normal retrograde pyelo- 
grams, as judged by well established cri- 
teria, and the retrograde pyelograms of 
one hundred hypertensive patients were 
compared with the pyelograms of one 
hundred normotensive individuals. 


! Christian, Henry. Osler's Priggiples and Practice of Medicine. 
Fourteenth edition. D. Appleton-Century Co., New York, 1942, 
p. 1127. 

? Shrader, J. C., Young, J. M., and Page, I. H. Pyelograms ın 
patients with essential and malignant hypertension. 4m. J. M. 
Sc., April, 1943, 205, 505-514. 
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HYPERTENSION 


Their experience gained from urological 
studies is that the range of normal vari- 
ations in urograms is much wider than is 
usually recognized and that questionable 
pyelographic variations in normotensives 
are often disregarded while the same varia- 
tions in hypertensives are emphasized and, 
as a result of this overemphasis, the patient 
becomes a "renal" hypertensive. 

Any roentgenologist who has the oppor- 
tunity of seeing a great number of pvelo- 
grams done routinely in a urological de- 
partment is impressed with the wide vari- 
ations in urograms not only as regards 
comparison with individuals but often 
the same individual will exhibit definite 
normal variations in the pyelographic ap- 
pearance of the two sides. Therefore it 
becomes a matter of great importance in 
fixing the responsibility of a given kidney 
in a hypertensive case. 

Shrader, Young and Page found that 
hypertension was not associated with any 
significant variation in the size of the pelvis 
to the size of the calices, the general con- 
figuration of the pelvis, the pelvic axis or 
the number or morphology of minor calices. 
They also found that the incidence of hy- 
pertension in patients who exhibited easily 
recognizable renal abnormalities as dembn- 
strated by retrograde pvelograms was 22 
per cent. The incidence of significant renal 
abnormalities in an unselected group of 
hypertensives was 19 per cent. The retro- 
grade pyelograms of patients with essential 
hypertension did not differ significantly 
from those of normotensives, and the inci- 
dence of urographic abnormalities in an 
unselected group of hypertensives appeared 
to be no greater than in normotensives. 

They call particular attention in their 


A 


c 
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discussion to the dangers inherent in draw- 
ing too conclusive opinions from intrave- 
nous pyelograms, quoting the words of Wes- 
son and Ruggles: “One who depends upon 
intravenous pyelograms alone and does not 
check the diagnosis by a complete kidney 
investigation is going to make costly 
blunders.” 

Master, Masks and Dack, in summa- 
rizing the blood pressure readings in 15,000 
men and women over the age of forty, came 
to the conclusion, as was intimated in a 
former report of theirs, that the incidence 
of hypertension in the general population 
over*age forty and fifty is higher than is 
generally appreciated and since hyper- 
tension is common in persons over forty, 
and with the increase in the number of per- 
sons surviving this age, the incidence of 
hypertension becomes an important ques- 
tion. From an analysis of their studies they 
conclude that the presence of hypertension 
at age forty and over is so common that a 
mild degree and perhaps even a moderate 
degree can no longer be considered abnor- 
mal and that the limits of normal blood 
pressure at these ages should be raised. 

The almost constant postmortem findings 
of renal arteriolar disease in hypertensive 
patients dying of renal failure has led to a 
widespread belief that the renal arteriolar 
disease is the cause of hypertension, where- 
as there is another group of observers who 
believe that the arteriolar disease is second- 
ary to the hypertension, the cause of which 


3 Master, A. M., Marks, H. H., and Dack, S. Hypertension in 
people over forty. 7. Am. M. Ass., April 17, 1943, 727, 1251-1256. 
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is still unknown, and there are some ob- 
servers! who believe that the presence of 
severe arteriolar damage at the end stage 
of the disease as seen in autopsv material 
does not necessarily indicate primary ar- 
teriolar disease. The most striking result 
of the recent investigation by Castleman 
and Smithwick, in which they secured 


renal biopsies at the time of sympathec es 


tomy in one hundred patients, was the 
finding of such a high percentage of renal 
biopsies in which there was no or only min- 
imal vascular disease. They came to the 
conclusion that the morphologic evidence 
of renal vascular disease in more than half 
of their cases was inadequate to be the sole 
factor in producing the hypertension and 
that in many of these patients and probably 
others the hypertensive state antedated the 
renal vascular lesion. They state that their 
observations are not in keeping with the 
concept that renal ischemia due to pre- 
existing renal vascular disease is the cause 
of essential hypertension in man. 

It must be plain that the etiological fac- 
tor in essential or hormonal hypertension 
is far from established and that the diag- 
nostic deductions which are made from 
the retrograde ureteropyelographic ex- 
aminations must be based upon a com- 
plete acquaintance with the widespread 
differences in pyelographic patterns that 
obtain in the normal and that too hasty 
conclusions be not drawn from this study 
alone. 


! Castleman, B., and Smithwick, R. H. Relation of vascular 
disease to the hypertensive state. 7. Am. M. Ass., April 17, 1943, 


721, 1256-1261. 
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EDWARD GEORGE METER 
1876-1943 


R. EDWARD GEORGE METER of 

Reading, Pennsylvania, suffered a 
coronary attack on March 18, 1943, and 
died two days later. He was born April 2, 
1876, in Wilkes-Barre, Pennsylvania. After 
two years of the study of medicine under 
a preceptor in Hazelton, he entered Medico- 


Chirurgical College in Philadelphia, re- 
ceiving his M.D. degree in 1897. He began 
practice in Williamsport, but moved to 
Reading in 1898. 

Dr. Meter’s participation in the practice 
of roentgenology dates back to 1902, 
when he took up the studv at the Univer- 
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9 sity of Pennsylvania, and that year he 
9 established the department of roentgen- 


ology of St. Joseph’s Hospital in Reading. 
He built much of his own equipment. In 
1906 he established the department of 
roentgenology of the Reading Hospital. 
His membership in the American Roentgen 
Ray Society dates back to 1903. In 1941 
at a dinner tendered him by the Board of 
Managers of the Reading Hospital cele- 
brating thirty-five years as head of the 
department, speakers were his contempo- 
rary in the Society, Dr. William S. New- 
comet; his senior in the Society by one 
years Dr. George E. Pfahler; his junior in 
the society by twelve years, Dr. Francis 
F. Borzell, then president of the Pennsyl- 
vania Medical Society. 

Dr. Meter was also a member of the 
American College of Radiologv and of the 
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Berks Cotinty and Pennsylvania Medical 
Societies and the American Medical Associ- 
ation, and he was a past president of the 
Philadelphia Roentgen Ray Society. When 
he retired from the active direction of the 
department of roentgenology of the Read- 
ing Hospital he became chief consultant. 
In addition to his hospital work he had 


a 
large private practice, and he was cn 


also in the medical branch of Civilian 
Defense. For forty years he was a renowned 
gardener, and his roses and his rock gardens 
were celebrated. To commune with Nature 
was one of his great delights, and he was 
an able botanist. 

He is survived by his wife, Marion King 
Meter, and three children by a former 
marriage, William J., Dr. Edward G. 
Meter, Jr., and Florence Meter DeTurck. 

Ramsay SPILLMAN 


The Journal regrets to announce the death, on April 23, 1943, of Dr. Cornelius G. 
Dyke of New York, distinguished roentoenolopist and First Vice-President of the Amer- 


ican Roentgen Ray Society. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 








UNITED STATES OF AMERICA FLorIDA RADIOLOGICAL SOCIETY ë 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
AMERICAN RoentGEN Ray Society Bldg., Orlando, Fla. Meetings in May and November. 
~ Secretary, Dr. H. Dabney Kerr, University Hospital, Pincay Pee ae 

lowa City, Iowa. Annual Meeting: 1943, cancelled. Secretary, Dr. James J. Clark, 478 Peachtree St., At- 

AMERICAN CoLLEGE OF RADIOLOGY ——— lanta, Ga. Meets in November and at annual meeting 
Secretary, Mac F. Cahal, $40 N. Michigan Ave., Chicago, of Medical Association of Georgia in the spring. 
Ill. Annual meeting: Chicago, Ill., June 6, 1943. RAapioLOGICAL Sociery or KANSAS CITY 

Section on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, sas City, Mo. Meets third Thursday of each month at a 
Ohio. Annual meeting: 1943, cancelled. place designated by the president. 

ARKANSAS RADIOLOGICAL SOCIETY ILLINoIs RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- Secretary, Dr. Wm. DeHollander, St. John's Hespital, 
ticello, Ark. Meets every three months and also at time Springfield, Ill. Meets three times a year. 
and place of State Medical Association. IupraNA RoENTGEN SOCIETY 

RADIOLOGICAL SOCIETY or NORTH AMERICA Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- dianapolis. Meeting held the second Sunday in May 
cuse, N. Y. Annual meeting: Drake Hotel, Chicago, Ill., annually. i i 
Nov. 29-Dec. 3, 1943. KENTUCKY RADIOLOGICAL SOCIETY 

RADIOLOGICAL SECTION, BALTIMORE MEDICAL SOCIETY Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third ville. Meets annually in Louisville on first Saturday in Apr. 
Tuesday each month, September to May. Long IsLAND RADIOLOGICAL SOCIETY 

SECTION ON RADIOLOGY "CALIFORNIA MEDICAL ASSOCIATION Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
Secretary, Dr. J.D. Coate 434 Thirtieth St., Oakland, Calif. N. Y. Meets Kings County Med. Soc. Bldg. monthly 

e RADIOLOGICAL Section, Connecticut MEDICAL Soctery on fourth Thursday, October to May, 8:30 P.M. 

Secretary, Dr. Max Climan, 2 242 Trumbull St., Hartford, | LovistANA RADIOLOGICAL SOCIETY ho 
Conn. Meets bi-monthly on second Thursday, at place Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 


selected by Secretary. Annual meeting in May. Shreveport. Meets annually during Louisiana State Med- 


SEcrION ON Raprorocv, ILLINOIS STATE MEDICAL SOCIETY EM er Meeting. Rory: 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- ICHIGAN ASSOCIATION OF NOENTGENOLOGISTS 
a ae "i Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
; M. 


wry : M , 

~ . d a . 

RapioLocicaL SECTION, Los ANGELES County MEDICAL Detroit. Three meetings a year, Fall, Winter, Spring 
ASSOCIATION MILWAUKEE ROENTGEN Ray Society 


N i Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
aae Calif, Meets on scond Wednesday of each Milwaukee, Wis. Meets monthly on second Monday at 
month at the County Society Building. University Club. 


R ; is Comeu Hiriei Aarand MINNESOTA RADIOLOGICAL SOCIETY 
BETOD USE EN TT MS iig: SaS Secretary, Dr. Annette T. Stenstrom, 1218 Medical Arts 


- p 7 : t “As ) As. 4 . . . . 
B —— Roy € lemp le, Texas Bldg., Minneapolis, Minn. One meeting a year at time of 
ROORKEYN INOBATONC SBAT GOLIST Minnesota State Medical Association. 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, Nasysaexa Hanson bcne 


N.Y. Meets monthly on fourth Tuesday, October to April. Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 


BurrALo RADIOLOGICAL SOCIETY Nebr. Meets third Wednesday of each month, at 6 P.M. 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara at archer Omaha or Linco. 
St, Buffalo, N. Y. Meets second Monday of each month New Encianp Roentcen Ray Society 
except during summer months. Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 
CuicaGo ROENTGEN SOCIETY Mass. Meets monthly on third Friday, Boston Medical 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., Library. l 
e Chicago, Ill. Meets second Thursday of each month RADIOLOGICAL SOCIETY OF NEW JERSEY 
October to April inclusive at the Palmer House. Secretary, Dr. H. J. Perlberg, 921 Bergen Ave., Jersey City. 
CINCINNATI RADIOLOGICAL SOCIETY ne Meets annually at time and place of State Medical So- 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, ciety. Mid-year meetings at place chosen by president. 
Ohio. Meets third Tuesday of each month, October to New York ROENTGEN SOCIETY i 
May, inclusive. Secretary, Dr. M. M. Pomeranz, 1020 Park Ave., New 
CLEVELAND RADIOLOGICAL SOCIETY York City. Meets monthly on third Monday, New York 
Secretary, Dr. J. O. Newton, 13921 Terrace Rd., East Academy of Medicine, at 8:00 P.M. i 
Cleveland. Meets at 6:30 p.M. at Midday Club on fourth Norru CAROLINA ROENTGEN Ray Society 
Monday each month, October to April, inclusive. Secretary, Dr. Major Fleming, Rocky Mount, W. C. An- 
DENVER RADIOLOGICAL CLUB nual meeting at time and place of State Medical Society. 
Secretary, Dr. Edward J. Meister, 366 Metropolitan Mid-year scientific meeting at place designated. 
` Bldg., Denver, Colo. Meets third Friday 8f each monthat Norru DaKxora RADIOLOGICAL SOCIETY 
Denver Athletic Club. Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Derroir ROENTGEN Ray AND RapiuM Society Meetings held by announcement. 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets | CENTRAL New York ROENTGEN Ray Society 
monthly on first Thursday from October to May, at Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Wayne County Building. Three meetings a year. January, May, November. 
* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. P 
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On1o RADIOLOGICAL SOCIETY 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric ROENTGEN SOCIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Annual meeting, Brunswick Hotel, Lancaster, Pa., May 
15-16, 1943. 

PHILADELPHIA ROEN@GEN Ray SOCIETY 
Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 P.M., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.M., October 
to June, Pittsburgh Academy of Medicine. 

RocHESTER ROENTGEN Ray Society, RocuEsrER, N. Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 P.M. at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Sr. Louis Sociery or RADIOLOGISTS 
Secretary, Dr. P. C. Schnoebelen, 462 N. Taylor Ave. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

SovrH CAROLINA X-Ray SOCIETY 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

University oF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

Ungversiry OF Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. | | 

VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, Seattle. 

X-ray Srupy CLuB or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
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Hospital. Meets monthly in evening on third Thurs- 
day. 
CuBa 


SOCIEDAD DE RADIOLOGIA v FISIOTERAPIA DE CUBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

BRITISH EMPIRE 

BRITISH [INSTITUTE OF RADIOLOGY INCORPORATED WITH 
THE RÖNTGEN SOCIETY 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 P.M., 32 Welbeck St., London. 

SECTION OF RADIOLOGY OF THE ROYAL SOCIETY OF Mio 
CINE (CONFINED TO MEDICAL MEMBERS) 
Meets on the third Friday of each month during the 
winter at 8:15 P.M. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1. 

FacuLrY OF RADIOLOGISTS 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 

SEcTION OF RADIOLOGY AND Mepicat ELECTRICITY, Aus- 
TRALASIAN MEDICAL CONGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEDICAL ASSOCIATION 
Secretary, Dr. Keith Hallam, St. George's Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 

SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

RADIOLOGICAL SECTION, NEW ZEALAND BRITISH MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


CONTINENTAL EUROPE 


SociEDAD EspANOLA DE RADIOLOGIA v ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociÉrÉ SUISSE DE RADIOLOGIE (SCHWEIZERISCHE RÖNT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SOCIETATEA ROMANA DE RADIOLOGIE sI ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Mărăcine, 30, 
S. L, Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

ALL-Russran RoenrGen Ray ASSOCIATION, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. *Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD ROENTGEN Ray SOCIETY " 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoENrTGEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belenging to the Association, 

LÀ 


CMS . : 
1.D.; Treasurer, Manuel F. 
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FIRST INTER-AMERICAN 
CONGRESS OF RADIOLOGY 


The First Inter-American Congress of 


Radiologv is to meet in the Buenos Aires 
School of Medical Sciences, in October, 
1943. Chairman, José F. Merlo Gómez, 
M.D., President of Sociedad Argentina de 

Secretary, Oscar F. Noguera, 
Terrizzano, 
M.D. 

Purpose. The First Inter-American Con- 
gress of Radiology will fulfill a desire which 
we believe has been entertained by radi- 
ologists throughout the Americas. Its sole 
purpose is to bring together men of science 
so that they may interchange ideas and 
tighten friendship bonds. 

Radiology occupies an outstanding place 
within the conception of the unitv of med- 
icine. To the era of empiricism of its be- 
ginning has followed the present era of 
progress in which subjects are discussed and 
dealt with under the brilliant light of truth, 
of sincerity, for the love of one's neighbor, 
with the advancement of radiologv as a 
goal. 

We meet for this purpose. To this end 
we are to convene in the First Inter-Amer- 
ican Congress of Radiology. 

Program. Since the First Inter-American 
Congress of Radiology will take place some 
months hence, it is obvious that no final 
program can be worked out at this time. 

Members. In accordance with the general 
regulations, persons attending the Congress 
will be registered as members or associate 
members. " 

Radiological societies throughout the 
"Americas and, in the lack thereof, pro- 
fessors of radiology or related subjects, 
heads of radiological departments and 
associates holding their positions over 
three years, will be members of the First 
Inter-American Congress of Radiology. 
(Although such membership requirements 
may seem restrictive, their pyrpose is to 
induce radiologists to*unite into radiolog- 
ical societies— where such societies do not 
exist—so as to have the opportunity of 
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interchanging ideas and seeking the ad- 
vancement of their specialty.) 

The following will be registered as associ- 
ate members: 

(a) Physicians, physicists, and manu- 
ufacturers of electromedical appa- 
ratus, upon request. 

(b) Relatives of members (their wives, 
sons under eighteen, and single daugh- 
ters), three such relatives being the 
limit. 

Traveling. To facilitate traveling and 
lodging | to members of the Congress “Ex- 
printer” has been appointed official agency 
for such purpose, for taking care of custom- 
house requirements and of such matters as 
insurance, currency exchange, etc. 

Reception. Upon their arrival in Buenos 
Aires, provided they have announced it, 
members of the Congress will be met by 
authorized persons who will tell them how 
they may reach their lodging place. 

Subjects for Discussion. 

1. Roentgen diagnosis of diseases of the 

spine. 

. Cancer of the breast. 
results. 

. Roentgen diagnosis of diseases of the 
intestine: (a) inflammatory jejuno- 
ileal affections, (4) inflammatory affec- 
tions of the colon. 

4. The teaching of 

Americas. 

Visits to Radiological Departments. Sev- 
eral visits will be made in the mornings to 
radiological departments of the Buenos 
Aires hospitals. Roentgenograms will be 
shown, explained and commented on by the 
department heads during such visits. ° 

Correspondence. Correspondence regard- 
ing the Congress should be addressed to 
Secretaria General del 1* Congreso Inter- 
americano. de Radiologia, Alsina 3117, 
Buenos Aires, Argentina. 


te 


Treatment and 


LI 
-— 


radiology in the 


MINNESOTA RADIOLOGICAL 
SOCIETY 
Due to the present world conditions, the 
Minnesota Radiological Society has had no 


? r 
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meetings this year. At the Fourteenth An- 
nual Meeting held in Duluth in conjunction 
with the Minnesota State Medical Associa- 
tion the following officers were elected: Dr. 
Arthur U. Desjardins, Rochester, Presi- 
dent; Dr. John R. McNutt, Duluth, Vice- 
President, and Dr. Annette T. Stenstrom, 
Minneapolis, Secretary- Treasurer. It was 
decided to holdsone meeting a year in con- 
junction with the meeting of the Minnesota 
State Medical Association. 


AN AID IN CHOLECYSTOGRAPHY 
To the Editor: 


Orfe of the difficulties encountered in oral 
cholecvstography is the overlying hepatic 
flexure of the colon, filled either with gas or 
iodine salts, or both. The use of enemas or 
drugs is not always successful or desirable 
in remedying this. Roentgenograms in the 
erect posture are sometimes successful in 
separating the vesica fellea from the gut, 
but this method is not routine in many of- 
fices. 
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I have €xperimented for some time and 
have finally succeeded, I believe, in devis- 
ing a simple and comfortable method to 
separate the two organs. The preliminary 
enema is not necessary. One end of an air- 
filled rubber bag or a hemisphere of balsa 
wood about 4 inches high is placed under 
the inferior right costal margin. With the 
patient prone this displaces the gallbladdes 
upward and the colon downward about 3 to 
4 centimeters. While I have not had any 
personal experience it may well be that 
small calculi or polyps not visualized by the 
old method can be seen more easily. 

I have had only ten cases in which it was 
necessary to use this method but in all of 
them it was simple and easy to displace the 
gallbladder above the colon, thus making 
possible a more definite diagnosis. 


GeorGE RosENBAUM, M.D. 


[£51 Spruce St 
Philadelphia, Pa. 


-—— n 


Ei 


. J 
May, 1943 


BOOK REVIEWS 











Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
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INTESTINAL OBSTRUCTIONS: A PHYSIOLOGICAL 

AND CLINICAL CONSIDERATION WITH EMPHA- 
* sis ON THERAPY; INCLUDING DESCRIPTION OF 

OPERATIVE PRocEpunEs. By Owen H. Wang- 

ensteen, B.A. M.D. Ph.D., Professor of 

Surgery of the University of Minnesota and 

Surgeon-in-Chief of the University of Min- 

nesota Hospital. Second Edition. Cloth. 

Price, $7.00. Pp. 484, with 143 illustrations. 

springfeld, Illinois: Charles C Thomas, 1942. 

This book which was first published in 1937 
has just appeared in its second edition. The first 
volume which was an outgrowth of the Samuel 
D. Gross Prize Award was published under the 
title ““The Therapeutic Problem in Bowel Ob- 
struction." It was enthusiastically received by 
the medical profession and at once became the 
standard reference work on the subject of intes- 
tinal obstruction. The new volume has been 
largely rewritten and extensively revised and 
contains much new material with appropriate 
illustrations. The work is conveniently divided 
into four main sections dealing with the follow- 
ing: (1) the fundamental problems of patho- 
logical physiology involved in bowel obstruc- 
tion; (2) the diagnosis of intestinal obstruction; 
(3) the methods of treatment; (4) the special 
types of obstruction. 

In Part 1 the author discusses such matters 
as the mechanisms by which the bowel becomes 
distended; the nature and source of the con- 
tents of the obstructed bowel; the significance 
of the ileocecal sphincter; the extent of intra- 
enteric pressure and distewtion upon the bowel 


wall, the blood supply of the intestine and upon 


the circulation in general; the consequences of 
fluid loss and the importance of loss of blood 
into infarcted intestinal segments in the stran- 
gulation obstructions. 

Part 11 consists of a review and summary of 
the evidence upon which the diagnosis of ob- 
struction rests. The writer discusses the impor- 
tance of the presence or absence of intestinal 
colic and of vomiting and the significance of 
vomiting in small and large bowel obstruction. 
The roentgen examination is considered in de- 
tail and also interpretation and correlation of 


the roentgen findings with the clinical data. By 
these several examinations, he believes that it is 
possible to determine whether obstruction is 
present, whether it is complete or incomplete, 
whether the colon or the small intestine is in- 
volved and in the latter case whether the ob- 
struction is in the upper, middle or lower por- 
tion and finally whether the obstruction is of 
the simple or strangulation type. . 

Part 111 is concerned with the various forms of 
treatment. Since operation is the mainstay in 
therapy, the principles and technical features of 
the acceptable operations are described. The 
choice of the operative procedure as governed 
by the character of the obstruction is consid- 
ered and those obstructions requiring immedi- 
ate operation are discussed. Considerable space 
is devoted to the relief of simple mechanical ob- 
struction especially when not complete by suc- 
tion without operation. Evidence is presented 
to show a decrease in the incidence of postopera- 
tive obstruction consequent upon the more gen- 
eral use of suction during the postoperative 
period. The indications and contraindications 
for the use of suction are given and the limita- 
tions and shortcomings of this method of treat- 
ment are outlined. 

One of the most valuable features of the book 
is the fact that the solution of clinical problems 
pertaining to the diagnosis and treatment of in- 
testinal obstruction is based upon the important 
fundamental basic principles of physiology, pa- 
thology and chemistry. While abundant use is 
made of the facts obtained from the basic sci- 
ences and from experimental surgery, the book 
is essentially clinical in character and is de- 
signed for the practitioner of surgery rather 
than for the laboratory worker. In addition to 
the management of obstructions per se adjuvant 
forms of therapy, e.g., the use of high concen- 
trations of oxygen for distention, the mainte- 
nance of fluid nitrogen and electrolyte “balance 
and chemotherapy are dealt with according to 
their importance. The various surgical proce- 
dures are carefully described and well illustrated. 
Excellent descriptions are given of the aseptic 
anastomoses long championed by the author 
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and of the use of the special clamps for this pur- 
pose devised by him. The author's personal 
views concerning certain aspects of the problem 
are in evidence. Thus, he condemns cecostomy 
for the relief of acute obstructions of the colon 
and feels that aseptic transverse colostomy 1s 
far superior. He believes that postoperative ob- 
struction at the gastroenteric stoma in gastric 
resections or gastroenterostomies is almost al- 
ways the result Sf technical errors and over- 
suturing rather than being due to such general 
causes as hypoproteinemia. With this statement 
the reviewer is in full accord. The author’s 
method in use at the University of Minnesota 
Hospital for determining the state of hydration 
by daily determination of the weight of the pa- 
tient is presented. When local intraperitoneal 
implantation of a sulfonamide drug is indicated 
the author prefers sulfathiazole. In his experi- 
ence this has proved superior to sulfanilamide. 

The use of the Miller-Abbott tube is dis- 
cussed in some detail and its theoretical advan- 
tages elucidated. One of the benefits commonly 
ascribed to the “long”? Miller-Abbott tube is its 
use in decompression of the intestine prior to 
resections of the colon. The author's belief that 
equally good results may be achieved by gastro- 
duodenal suction is shared by many others. 
While the author was responsible for populariz- 
ing gastroenteric suction as a form of therapy, 
its place, scope and limitations are well defined 
and operative and non-operative measures are 
impartially considered. In the opinion of the 
writer the greatest advances in the future will 
be in the perfection of surgical procedures 
whereby the distended bowel may be safely de- 
compressed at operation without peritoneal 
soiling. 

This monograph should occupy an important 
place in the library of resident surgeons and 
young surgeons beginning practice and it should 
alsg be of inestimable value to the experienced 
surgeon or any who have occasion to engage in 
abdominal surgery. 

FREDERICK A. COLLER 


RoENTGEN INTERPRETATION. By George W. 
Holmes, M.D., Roentgenologist to the Mas- 
sachufetts General Hospital and Clinical Pro- 
fessor of Roentgenology, Harvard Medical 
School, and Howard E. Ruggles, M.D., Late 
Roentgenologist to the University of Cali- 
fornia Hospital and Clinical Professor of 
Roentgenology, University of California 
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Medical School. Sixth edition, thoroughly re- 
vised. Cloth. Price, $5.00. Pp. 364, with 246 
illustrations. Philadelphia: Lea & Febiger, 
1941. 

“Roentgen Interpretation" needs no intro- 
duction to older roentgenologists. They have 
long known it as an excellent text for teaching 
medical students and for the guidance of those 
entering the speciality of radiology. The older 
roentgenologists have known Holmes anc 
Ruggles as pioneers and leaders of their profes- 
sion, long recognized as leading teachers and 
living proof of their success in the number of 
well trained men representing them all over the 
country. In its sixth edition this book still occu- 
pies a leading place among roentgen texts. 
Earlier editions were written with such insight 
into fundamentals and such a knowledge of the 
subject that one is impressed by the many para- 
graphs which are just as applicable today as 
they were in previous years. Of course the ob- 
ject of the new edition is to bring the material 
up to date and this has apparently been done. 
The book is elementary in its scope but covers 
the field satisfactorily. It is well written and 
well arranged and illustrations are plentiful and 
interesting. Older roentgenologists should en- 
joy reviewing this new edition. Younger roent- 
genologists need its help and will find it a firm 
basis for their roentgen knowledge and will use 
it for frequent reference. The latter cannot af- 


ford to omit this classic text from their library. 
E. WALTER HALL 


Dit DeutunG pbEs RONTGENSCHICHTBILDES 
DER LONGENSPITZEN BEI LUNGENTUBERKU- 
Lose. Von Dr. Wilhelm Kremer, Arztlicher 
Direktor der Heilstatten Beelitz und des Tu- 
berkulosekrankenhauses Beelitz (Mark), und 
Dr. Leonore Retzlaff, Assistenzarztin der 
Heilstátten Beelitz. Cardboard. Price, RM. 
3.60. Pp. 43, with 46 illustrations. Leipzig:® 
Georg Thieme, 1941. 


The interpretation of the tomogram of the 
lungs is not easy and the differentiation between 
normal blood vessel shadows and cavities is 
often difficult. The authors undertook, there- 
fore, a comparative study of the tomograms of 
patients with small lesions in the apex and sec- 
tions of the fixed lungs prepared after the pa- 
tient's death; they used the method described 
by Aschoff. Observations carried out on 5 cases 
showed that with a pendulum angle of 3o de- 
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grees the tomograms included a tissue layer of 
approximately 1.5 cm. in thickness. All foci of 
pea size could be demonstrated. Cavities in well 
aerated lung parenchyma of over 1 cm. in diam- 
eter are easily seen, also bronchi with thickened 
walls, emphysematous bullae and bronchiecta- 
sis. Some of the diagnostic pitfalls are caused by 
the anterior arch of the first rib which may sim- 
ulate a tuberculous infiltration, and also by 
tross sections of blood vessels which might be 
mistaken for tuberculous foci. Not every ring- 
like shadow represents a tuberculous cavity but 
may be caused by a cyst, bronchiectasis or an 
emphysematous bulla. With increasing experi- 
ence the authors believe that tomograms of the 
lungs can show a picture which corresponds 
closely to the underlying pathological anatomi- 
cal process. The illustrations accompanying the 
text are very instructive and are well worth 
studying in detail. 

Ernst A. POHLE 


X-Ray THERAPY oF CHRONIC ARTHRITIS (IN- 
CLUDING THE X-Ray DiaGNosis OF THE Dis- 
EASE): PRELIMINARY REPORT BASED ON 100 
PaTIENTS TREATED AT QuiNcy, ILLINOIS. 
By Karl Goldhamer, M.D., Associate Roent- 
genologist, St. Mary’s Hospital and Quincy 
X-Ray and Radium Laboratories; Formerly 
Roentgenologist, University of Vienna. With 
a Foreword by Harold Swanberg, B.S., M.D., 
F.A.C.P., Editor Mississippi Valley Medical 
Journal and the Radtologic Review; Roent- 
genologist, St. Mary’s Hospital and Blessing 
Hospital, etc. Cloth. Price, $2.00. Pp. 131, 
with 26 illustrations. Quincy, Illinois: Ra- 
diologic Review Publishing Co., 1941. 


In this monograph the author relates his ex- 
perience with the treatment of 100 private pa- 
tients with chronic arthritis by roentgen rays 
observed during a period df twenty-one months. 
elle covers the clinical and pathologic aspects of 
the atrophic and hypertrophic types of chronic 
arthritis, the roentgen findings, differential 
diagnosis and the history of roentgen therapy in 
this disease. He believes that the mechanism of 
effect is in all probability due to the production 
of hyperemic stimuli by the irradiation. The in- 
dications for and the technique of the treatment 
are outlined in detail. A table gives in con- 
densed form information regarding age, sex, 
duration of disease, clinical diagnosis, treated 
region, roentgen diagnosis and dosage of roent- 
gen radiation. The statistical analysis of the 
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material presented shows that satisfactory re- 
sults were obtained in about 60 per cent of all 
patients; the chief benefit was the relief of pain. 
The author cautions against excessive dosage 
which would be followed by undesirable seque- 
lae. In conclusion he states that "although the 
results obtained by us are favorable indeed in a 
majority of patients (60 per cent), they are not 
entirely satisfactory because a considerable per- 
centage (40 per cent) are no? benefited, or are 
only slightly benefited, by x-ray therapy. Per- 
haps when this method of treatment becomes 
better known and when more physicians be- 
come familiar with it and will use it, better re- 
sults will be obtained." 
Ernst A. Pome 
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THE PERiODICITY AND CAUSE OF CANCER, 
LEUKAEMIA AND ALLIED Tumours: WirH 
CHAPTERS ON THEIR TREATMENT. By J. H. 
Douglas Webster, M.D., F.R.C.P.E., F.F.R., 
Honorary Director, Meyerstein Institute of 
Radiotherapy, Middlesex Hospital, London; 
Lecturer and Examiner in Radiology, Univer- 
sity of London, etc. Cloth. Price, $3.50. Pp. 
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THE ELECTROCARDIOGRAM AND X-Ray Con- 
FIGURATION OF THE Hearr. By Arthur M. 
Master, B.S., M.D., F.A.C.P., Cardiologist 
to the Mt. Sinai Hospital, New York; Assist- 
ant Professor of Clinical Medicine, Columbia 
University, New York. Second edition, en- 
larged and thoroughly revised. Cloth. Price, 
$7.00. Pp. 404, with 163 illustrations, Phila- 
delphia: Lea & Febiger, 1942. 


CLINICAL ROENTGENOLOGY OF THE CARDIO- 
VASCULAR SysTEM. By Hugo Roesler, M.D., 
F.A.C.P., Associate Professor of Roentgetfol- 
ogy and Cardiologist, Department of Medi- 
cine, Temple University School of Medicine; 
Cardiologist, Temple University Hospital, 
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Cloth. Price, $7.50. Pp. 480, with 337 illus- 
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OLEOPERITONEOGRAFÍA: CONTRIBUCIÓN AL ES- 
TUDIO RADIOLÓGICO DEL PERITONEO. Por los 
doctores Prof. Carlos H. Niseggi, Professor 
Adjunto de Radiología de la Facultad de 
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Medicina de Bs. Aires; Jete del Servicio Cen- 
tral de Radiologia del Hospital Teodoro Al- 
varez; Miembro Fundador de la Sociedad 
Argentina de Radiologia, Marcelo H. Mo- 
reau, Médico Agregado del Servicio Central 
de Radiologia del Hospital Teodoro Alvarez; 
Miembro Titular de la Sociedad Argentina de 
Radiología, and Jorge E. Moreau, Médico 
Interno del Instituto Municipal de Radiolo- 
gia y Fisioterapia. Paper. Pp. 197, with 153 
illustrations. Buenos Aires: Libreria y Edi- 
torial "El Ateneo," 1941. 


NEuvnRoLogcy. By Roy R. Grinker, M. D., Chair- 
man, The Department of Neuropsychiatry of 
the Michael Reese Hospital, Chicago. Third 
edition. Revised and largely rewritten. With 
the Assistance of Norman A. Levy, M.D., 
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Hospital, Chicago. With a Chapter on Brain 
Tumors by Paul C. Bucy, M.D., Professor of 
Neurology and Neurological Surgery, Uni- 
versity of Illinois, College of Medicine, Chi- 
cago. Cloth. Price, $6.50. Pp. 1136, with 416 
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BIBLIOGRAPHY OF Aviation MEpIcINE. By 
Ebbe Curtis Hoff and John Farquhar Fulton. 
Prepared for the Committee on Aviation 
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mittee on Medical Research, Office of Scien- 
tific Research and Development, Washing- 
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Health, City of New York, 1928; Formerly, 
Lt. U. S. Chemical Warfare Service Reserve. 
Cloth. Price, $3.00. Pp. 180, with 8 illustraz 
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science Publishers, Inc., 1942. 
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Dicsy, K. H., Foox, W. L., and Cue, Y. ds 
Nasopharyngeal carcinoma. Brit. Y. Surg., 
April, 1941, 20, 517—537. 
Apparently, judging from 

cinoma of the nasopharynx is not common in 
other countries, but it is very common in 
China. Figures from Hong Kong show that it 
ranks second only to carcinoma of the cervix in 
umber of cases. The only plausible theory to 
account for this frequency is that of Dobson 
who says that it is due to irritation from the 
soot in the small houses which are not venti- 
lated. This hypothesis, however, seems incon- 
sistent with the fact that the disease is much 
more frequent in men than in women, as women 
spend more time in the house. Unlikeother can- 
cers, this type occurs more frequently before the 
age of forty than after forty. The age groups in 
which it is most frequent are those from thirty- 
one to thirty-five and thirty-six to forty. 

The article is profusely illustrated with pho- 
tographs of patients and photomicrographs of 
the histopathological findings. The symptoms 
are extremely varied as the origin of the tumor 
is near the center of the head and the ear, nose 
and orbit and all of the cranial nerves and the 
cervical sympathetic may be affected. The com- 
monest symptom is enlargement of the cervical 
glands and this is often thought to be syphilitic 
or tuberculous, and in fact either of these dis- 
eases may coexist with nasopharyngeal carci- 
noma. The association with tuberculosis is par- 
ticularly frequent because of the appalling 
prevalence of tuberculosis in Hong Kong. These 
tumors probably originate from the columnar 
epithelium lining the upper part of the naso- 
pharynx. 

The duration of the disease varies from three 
months to five years or more without treat- 
ment. Treatment has noé proved very success- 
ful. Owing to the anatomical relations surgery 
is difficult or impossible. Radium treatment 
with needles has been tried in 82 cases with some 
improvement in all; the glands rapidly decrease 
in size and often disappear but recurrence takes 
place within six months. No radium bomb has 
been available for treatment. Deep roentgen 
treatment would seem to be more hopeful but 
the authors have not had time to evaluate the 
results of their deep roentgen therapy. One case 
at least has proved entirely refractory to this 
treatment.—.udrey G. Morgan. 
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diodrast, fifty per cent. Radiology, Oct., 1941, 

37, 487-499. 

Diodrast (3, 4-diiodo-4-pyridon-N-acetic acid 
diethanolamine) has been used for years for in- 
travenous pyelography and more recently for 
visualization of the heart and great vessels. 
When it was first tried for cerebral arteriogna- 
phy a 70 per cent solution was injected into the 
common carotid artery. This gaused jacksonian 
convulsions but when a 35 per cent solution was 
used good visualization of the cerebral circula- 
tion was not obtained. 

It has now been found that a ṣo per cent 
diodrast solution gives good visualization with- 
out any ill effects. The common carotid artery 
is isolated from the surrounding structures by 
passing a narrow vaseline tape under it. The 
patient's head is put in position for a lateral 
roentgenogram. The carotid is punctured with 
a No. 17-gauge needle with a rubber connection. 
A syringe containing I5 cc. of the solution is at- 
tached to the rubber connection and 10 to 12 cc. 
of the solution injected as rapidly as possible, 
the film being exposed during the injection. 
Illustrative arteriograms are given.—Audrey 
G. Morgan. 


Rees-Jones, G. F., and McGisson, Jonn E. G. 
Radiological visualization of the eustachian 
tube. Lazcet, Nov. 29, 1941, 2, 660-662. 


The authors, who are radiologist and aurist 
at the Royal Air Force Hospital, describe and 
illustrate their technique for visualizing the 
eustachian tube. They have used this method 
only in the examination of the form of deafness 
that occurs on rapid loss of altitude in flying. 
The eustachian tube may be regarded as con- 
sisting of two cones united at their apices. The 
outer cartilaginous one is about 24 mm. long 
and the inner bony one about half as long. The 
narrowest point in the lumen is where the apices 
of the two cones join. Here it measures enly 
about 2 by 1 mm. 

The opaque medium is introduced through a 
eustachian catheter passed through the anes- 
thetized nasal fossa and a tympanic catheter 
pushed through it until it reaches an obstruc- 
tion. Pyelectan has been found the best me- 
dium. Iodized oil is too viscous to pass through 
the tympanic catheter. In this type of deafness 
there is a definite block in the cartilaginous part 
of the tube. Among the authors' 34 cases it was 
found in 2 at the isthmus, in I at o.5 cm. from 
the pharyngeal orifice and in the other 31 at 1 
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BEwNDa, C. E. Observations on the malforma- 
tion of the head in mongoloid deficiency. 
J. Pediat., Dec., 1941, 79, 800-816. 
Mongolism is a fetal disease, occurring in 

many gradations. It is not a malformation. 

Many newborn mongolian infants are not rec- 

ognized due to lack of typical appearance; 2.3 

mongoloids occur in every 1,000 births. Mon- 

golism is present in 6 to 10 per cent of mental 
defectives. 

The accepted stigmata of mongolism are 
epicanthal folds, slanting palpebral fissures, 
fissured lips and tongue, short hands with 
curved little fingers, short feet with a gap be- 
tween first and second toes, stout figure, hy- 
potony, strabismus, deep voice and a typical 
psychologic behavior. The author has con- 
cluded, after a study of 300 mongoloids and 31 
autopsies, that the mongoloid appearance is due 
to growth disorder of the skull. The skull mal- 
proportion is only part of a general growth dis- 
order. 

In the mongoloid skull the sphenoid body is 
either upright or bent backward instead of 
forming its normal angulation with the clivus. 
The floor of the anterior fossa is steep. The 
cribriform plate is shorter and lies at a higher 
level. Failure of development of the facial bones 
results in persistence of the fetal proportions of 
the face. The nasion is retracted and the maxilla 
and mandible underdeveloped. The closure of 
the fontanelles is delayed. The bones of the skull 
remain thin and ossification of sutures is de- 
layed or absent. Lack of growth of the spheno- 
occipital and. spheno-ethnoidal synchondroses 
results in shortening of the base of the skull. 

The entire skeleton is involved in the growth 
disturbance. The length of the metacarpals and 
phalanges is reduced. Incurving of the little 
fingers is characteristic. 

The @elayed growth is now supposed to be 
due to lack of a specific growth factor, probably 
from the anterior lobe of the pituitary gland. 

The author suggests the term "congenital 
acromicria" for mongoloid deficiency.—R. M. 
Harvey. 
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Howes, WirLiAM E., and Bernstein, Louis. 
Oral carcinoma. Radiology, Oct., 1941, 37, 
468-475. 

The authors report 138 cases of cancer of the 
mouth treated at the Brooklyn Cancer Insti- 
tute; only 111 are considered in the tabulations 
as the data were insufficient in the other 27. 

Because of the anatomical structure of the 
mouth with the mucosa in close relation to bone 
muscles and lymphoid tissue, these cancers de- 
velop rapidly and metastasize quickly. Of the 
authors’ cases 63, or 56.8 per cent, were in 
Stage 1v, and only 1, or 0.9 per cent, in Stage 1. 
The patients rarely report for treatment until 
they have pain from ulceration and infection. 

Forty-nine cases, or 44.2 per cent, were in the 
tongue. They were treated by radium implanta- 
tion followed by roentgen therapy. The details 
of the technique are given. Eight of these cases, 
or 16.3 per cent, were clinically controlled at the 
time of writing, 1 less than a year after treat- 
ment, the rest more than a year and 1 seven 
years. Of the 16 cases with cancer of the floor of 
the mouth 2 are alive with the lesions controlled 
four years after treatment. Three are alive with 
the disease still active and the others have died. 
The cases in this series were treated with exter- 
nal irradiation only. A more recent series treated 
by contact irradiation with the Chaoul type of 
apparatus seem to be giving better results. All 
of the 7 patients with cancer of the alveolar 
ridge are dead, 4 within one year or less, 1 
within eighteen months, 1 in two years and 1 
in one and a half years. All of the 6 patients who 
had cancer of the mucous membrane of the 
cheek are dead, 4 within a year and the other 2, 
within eighteen months. The 14 patients with 
cancer of the palate were treated by direct ir- 
radiation through an intraoral cone. Seven of 
these patients are still alive, 2 with evidence of 
cancer, 5 clinically well after eight months, 1 


and a half years, two and a half years, three ,-— 


years and nine years. Only 3 of the 19 cases of ` 
cancer of the tonsil appear to be clinically con- 
trolled. T'wo*of them have been followed less 
than two years and 1 just under one year. 

Further study is needed to improve methods 
of radiation treatment.— Audrey G. Morgan. 
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to 2 cm. from the ostium. In these latter sites 
the pooling of the opaque medium gives mush- 
room-like shadows.—Audrey G. Morgan. 


Grier, G. W. Nasal sinusitis. Radiology, Dec., 

1941, 37, 659-665. 

e The roentgen findings in acute and chronic 
sinusitis and malignant growths involving the 
sinuses are discussed and illustrated with roent- 
genograms. Acufe catarrhal sinusitis is probably 
not often recognized because there is little oc- 
casion to make roentgen examination of the 
sinuses in these cases. The author believes that 
roentgen examination of hay fever patients 
would show a large percentage of opaque 
sinues. In acute suppurative sinusitis the 
maxillary sinus is most frequently involved 
though the ethmoid cells or frontal sinus may be 
affected. The affected cavity appears asa dense 
uniform shadow. In acute fulminating sinusitis 
the roentgen diagnosis is complicated by swell- 
ing and edema of the soft tissues, which may 
persist after the cavity is drained and arouse 
doubt as to whether the pus has been evacuated 
completely. 

In chronic suppurative sinusitis there are 
confusing factors, such as thickened membranes 
without sinusitis, that make a history of the 
case necessary to interpretation of the films and 
there should be the closest collaboration be- 
tween rhinologist and roentgenologist. In 
chronic hvperplastic sinusitis the characteristic 
findings are caused by the marked edema and 
swelling of the mucous membrane. The diagno- 
sis depends on the recognition of thickened 
membrane, polypi or cysts. There are three 
roentgen signs of polypi: (1) comparatively 
large, smooth round or pear-shaped discrete 
shadows; (2) a very thick membrane due to 
polypoid degeneration; (3) a decided widening 
of the ethmoid region caused by distention of 
the ethmoids by the many polypoid growths. 
In malignant growths diagnosis is based on 
changes in the surrounding bone rather than 
any characteristic appearance of the sinuses. 

The superior-inferior view is absolutely nec- 
essary for visualizing the sphenoid sinus. It 
does not matter particularly whether it is made 
from below upward or from above downward. 
The author prefers to make it from above down- 
ward, usually with a Bucky diaphragm. In his 
routine examination he includes the Granger 
position. With the patient lying down any pus 
in the sphenoid gravitates toward the roof. The 
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patient is put on his stomach and the head 
tilted 17? beyond the horizontal. The shadow of 
the sphenoid is thrown into the area between 
the frontals just above the bridge of the nose, 
and the Granger line, which is the roof of the 
sphenoid, is seen. If there is pus in the sphenoid 
this sharp line is not seen.— Audrey G. Morgan. 


NECK AND CHEST 


Powers, ROBERT A., and Starks, DOROTHY JJ. 
Acute (primary) coccidioidomycosis: roent- 
gen findings in a group "epidemic." Radiol- 
ogy, Oct., 1941, 37, 448-453. 

So-called “valley fever" has long been famil- 
iar to the residents of San Joaquin Valley. It is 
caused by infection with the fungus Coccidtotdes 
immilis and is usually acquired by inhaling dust 
which contains the spores. It may occasionally 
be caused by infection through a skin wound. 
It is not transmitted from person to person. 

In the acute stage the symptoms resemble 
those of influenza or bronchopneumonia. The 
second stage shows erythema nodosum, arthri- 
tis and conjunctivitis. The clinical diagnosis 1s 
made by the finding of typical double-contoured 
spherules in the sputum, a positive coccidioidin 
reaction, appearing not earlier than the twenty- 
sixth day in the authors’ group, positive ag- 
glutination tests, animal inoculation, leukocy- 
tosis and eosinophilia. In a series of acute cases 
studied in California the fatal granulomatous 
form developed in only one, in this case in the 
form of meningitis. 

The authors had an opportunity to make 
roentgen examinations in a group of 7 students 
who acquired the infection on a field trip to an 
endemic region. The cases are described and il- 
lustrated with roentgenograms. Generally the 
lesions are solitary or few in number and consist 
of spherical opaque areas with a peripheral dis- 
tribution. They areeusually opposite or poste- 
rior to the hilum, in the lower part of the upper 
lobe or the upper part of the lower lobe. Th 
findings resemble those of pneumonia or pri- 
mary tuberculosis. In the few cases with multi- 
ple lesions the picture may resemble that of 
cancer. It is doubtful whether acute coccidioi- 


domycosis can be diagnosed by roentgen exami- 


nation alone but the findings may be characty 
istic enough to suggest the right diagnosis which 
may be c@nfirmed by finding eosinophilia, 
spherules in the spufum and later the positive 
coccidioidin test and agglutination reaction.— 
Audrey G. Morgan. 
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RirrerHorr, R. J. Acute silicosis occurring in 
employees of abrasive soap powder indus- 
tries. Am. Rev. Tuberc., Jan., 1941, 43, 117- 
131. 


Acute silicosis has been reported for various 
types of abrasive contacts though very few have 
been employed in soap factories. The author is 
reporting 2 cases in soap workers. 

The exposure times for these 2 cases were one 
hundred days and twelve months, respectively 
—much less than the duration of contact for 
cases of similar type. The duration of life fol- 
lowing recognition of the disease was longer 
than reported for these other cases, it being four 
vears as an average for the 2 cases. 

The factor of alkalinity is mentioned as pos- 
sibly explaining the rapidity in development of 
the fibrosis. 

When tuberculosis occurs in this type of case 
it has usually been of the exudative caseous 
type. 

"Metastatic" silicotic lesions were found in 1 
of the 2 cases. These are described as “‘foci of 
macrophages which do not show the typical 
histology of silicotic nodules and may be areas 
of reticulo-endothelial hvperplasia rather than 
true metastasis.” 

One of the 2 cases showed a cor pulmonale— 
as in 3 of 9 similar cases reported in the litera- 
ture—apparently not an infrequent complica- 
tion which is most prone to develop in cases 
having areas of massive fibrosis and marked em- 
physema.—4. A. de Lorimier. 


Lemon, Wirus S. Factors involved in the pro- 
duction and development of silicotic lesions. 
Radiology, Oct., 1941, 37, 413-420. 


The author describes silicosis produced. by 
the introduction of silica dust into the lungs of 
rabbits by intubation or by its intraperitoneal 
anjection. No other dusts are so damaging as 
silica. The reaction between the particles of 
silica and the tissue cells results in fibrosis. Fi- 
brosis is brought about by arrest of the phago- 
cvtes after the particles have been phagocytosed. 
The formation of the fibrous nodule represents 
an effort on the part of the body to segregate 
ad encapsulate the noxious material so that it 
may do the least possible harm to respiratory 
function. Simple uninfected silitosis affects 
respiratory function in proportion to the amount 
of fibrous tissue that develops, the consequent 
reduction of vital capacity and the resultant 
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failure of the right heart. The lungs of their ex- 
perimental animals resembled those of old 
Cornish miners who were dyspneic and cyanotic 
as a result of strain on the right side of the heart. 

If the lung becomes infected it increases 
fibrosis in the lung parenchyma around the 
nodules, produces ulceration and necrosis Qf 
bronchi and blood vessels and causes death of 
the animal from bronchitis, bronchopneumonia 
and empyema. The changes arè similar to those 
seen in tuberculosilicosis in human beings or 
even in simple fibrocaseous tuberculosis.—A4u- 
drey G. Morgan. 


CLEMENT, Gace. Silicosis. Radiology, Oct., 

1941, 37, 407-412. á 

As a result of personal observation in the 
mines of the north central part of the United 
States, the author claims that simple silicosis 
is not a disease, it is not disabling and does not 
cause death. He says that silicosis does not pre- 
dispose to tuberculosis. He presents roentgeno- 
grams which he claims support his contention. 
He says that silicosis causes no abnormal pic- 
ture in the lungs except discrete nodulation and 
that any other abnormality is evidence of dis- 
ease that is not caused by the silicosis. 

Dr. Rigler said in the discussion that the ex- 
tent of findings in the roentgenogram does not 
show the degree of disability in silicotics. He has 
seen 3 autopsies in the past three years in which 
the subjects had no evidence of any other path- 
ological condition except silicosis and they died 
from this condition—or as he prefers to call it— 
this disease. He believes that silicosis does pre- 
dispose to tuberculosis and cites the work of 
Lanza and the statistics of the Metropolitan 
Life Insurance Company in support of this 
opinion.—Audrey G. Morgan. 


APFELBACH, GEORGE L., and Carrer, J. 
BaiLey. Recurrent postoperative atelectasis. 
Radiology, Nov., 1941, 37, 598-603. T 


The first case of postoperative atelectasis re- 
ported was probably that of Barr in 1907. Elli- 
ott and Dingley in 1914 first put forth the 
theory that it is caused by obstruction of the 
bronchi by secretion. But there is considerable 
evidence against the truth of this theorY. Cases 
have been described in which there was no ob- 
struction of the bronchi, and a reflex via the 
vagus has now been suggested as the cause of 
this atelectasis. A case is described which lends 
support to this theory. 
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A first-stage Torek operation was performed 
on a boy of ten for cryptorchidism August 22, 
1938. Eighty hours after operation his tempera- 
ture rose to 104° F. and the diagnosis of atelec- 
tasis made from the clinical symptoms was 
confirmed by roentgen examination. He was 
made comfortable by postural treatment and 
his condition gradually returned to normal, 
though the atelectasis did not disappear com- 
pletely for two weeks. On May 1, 1939, the sec- 
ond stage of the Torek operation was performed 
and because of the history the greatest care was 
used. The anesthetic was ethylene, as in the 
previous operation. On the fifth day after op- 
eration he showed weak, irregular pulse and 
high*fever. The diagnosis of atelectasis was con- 
firmed as before by roentgen examination. As 
before two weeks was required for complete dis- 
appearance of the atelectasis. 

This case warrants a further study of the 
problem from the point of view of the vegetative 
nervous system with the object of using vago- 
sympathetic block for the prevention of post- 
operative atelectasis. dudrey G. Morgan. 


FARBER, JAson E. Bronchial stenosis and unex- 
pandable lungs. 4m. Rev. Tuberc., June, 1941, 
43» 719-794. 

Occlusion of a bronchus can be expected to 
produce atelectasis followed by irreparable 
pathological changes. This might result because 
of an ulcerative tuberculous tracheobronchitis 
and even because of a stenotic but non-occlusive 
peribronchial tuberculous process leading to 
pneumonitis and extensive fibrosis. 

A case of the latter type is described. Bron- 
chial asthma was the predominant symptom. 
Tubercle bacilli were isolated and a therapeutic 
pneumothorax was performed on the left lung. 
The clinical course was characterized by inter- 
mittent attacks of fever and episodes of copious 
expectoration with relief of toxicity. After sev- 
eral years of negative sputa, attempts were 
made to re-expand the lung but without suc- 
cess. Repeated bronchoscopic examinations re- 
vealed a bronchial opening of only a few milli- 
meters at a site where there was considerable 
exudation. 

A second case presented similar clinical mani- 
festations with asthma and copious purulent 
expectoration. Tubercle bacilli could not be 
found in the sputum. Again, bronchoscopic ex- 
aminations revealed a very minute lumen for 
the left main bronchus. Dilatation could not be 
accomplished.—/. A. de Lorimier. 


L 


Abstracts of Roentgen and Radium Literature 


799 


JACINTO, CARMELO P., and Lanoz, MANUEL. 
"Reversible" and "irreversible" massive pul- 
monary atelectasis: A radiologic study. Ka- 
diology, Nov., 1941, 37, 588-597. 


The authors made a roentgen study of mas- 
sive pulmonary atelectasis at the Quezon Insti- 
tute for Tuberculosis in Manila. They classify 
the cases as reversible or irreversible depending 
on whether or not it is possible for the lungs to 
be re-aerated. Reversible atelectasis is apt to be 
caused by blood clots or tenacious secretions in 
the bronchi while the irreversible type is largely 
caused by tracheobronchial tuberculosis, though 
it may occur suddenly during or after anes- 
thesia. 

The authors describe 4 cases and illustrate 
them with roentgenograms. They use serial 
teleroentgenograms or tomographic exposures 
in these cases; the latter are especially useful in 
differentiating between pleural and pulmonary 
opacities. About 5 mm. of the chest is within 
focus during each tomographic exposure and 
the plane in focus is pictured so clearly that it 1s 
easy to see the condition of the lung paren- 
chyma. 

Three of the cases reported were irreversible 
atelectasis, 1 of them non-tuberculous and 
caused by a bronchogenic tumor. Dyspnea was 
not a prominent symptom in these cases while 
in the 1 reported case of reversible atelectasis 
dyspnea was a very striking feature. This case 
was one of massive atelectasis of the entire lung 
in a Filipino. It was probably caused by blood 
clots after hemoptysis in tuberculosis. The 
dyspnea in this case was partially relieved by 
repeated insufflations of air into the left pleural 
cavity. Massive pulmonary atelectasis in. Fili- 
pinos is not as rare as is generally believed. Of 
course it is harder to diagnose the reversible 
than the irreversible type because it 1s tem- 
porary. Cavities may occur in an area of atelec- 
tasis.—Audrey G. Morgan. E 


IsRAEL, HaRorp L., and Lona, Esmonp R. Pri- 
mary tuberculosis in adolescents and young 
adults. 4m. Rev. Tuberc., Jan., 1941, "Z5, 
42-55. n 


The age of onset of the primary phase of wt 


berculosis is changing, a larger and larger num- 
ber showing lesions in adolescent or adult life. 
There appears to be a difference of opinion as to 
the seriousness of the lesions occurring at these 
later vears. Some consider the resistance to be 
identical to that of childhood; others speak of 
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variations in the character of the p E and 
much more serious prognoses. 

Reference is made to the progressive changes 
as described in the second edition of “Diagnos- 
tic Standards”; in particular, to the most recent 
expression: “It is not always possible on clinical 
and roentgenological evidence to differentiate 
primary and re-infection phases of tuberculo- 


9 


sis. 
* For this reason a number of cases of the Phipps 
Institute have been carefully studied with par- 
ticular interest in the relationship of the tuber- 
culin test to one or another type of lesion. 

A relatively small proportion developed pri- 
mary lesions during adolescence. Of those who 
did, it was very infrequent that clinical tuber- 
culosis occurred within one year of the change 
from negative to positive skin reaction. In most 
instances, the time interval was greater than 
one year—thereby lending to the explanation 
that such cases represented a reinfection proc- 
ess. 

A variety of types of lesion were found in 
those showing pulmonary changes within the 
one year of positive skin reaction— cases there- 
fore considered as of the primary phase. The 
Negro group showed the greatest tendency to- 
ward lymphadenopathy, and the “typical” pic- 
ture of childhood lesions. Lymph node enlarge- 
ments among Negroes appear to be common re- 
gardless of the age of the individual 

There was only t case of acute miliary tuber- 
culosis. Loss of tuberculin sensitivity appears to 
be decreasing. The progress of lesions is fre- 
quently indeterminate, in 1 case a typical pri- 
mary reaction leading to a progressive involu- 
tion; in another, to a fulminating course. The 
majority of infiltrations appear to develop at 
least one year after the last negative tuberculin 
test. 

The distinction betweers primary and reinfec- 
ation disease will rarely be a useful guide in esti- 
mating prognosis or in planning treatment for 
the individual case.— 4. 4. de Lorimier. 


ACKERMAN, LaunEN V., and Kasuca, Kazumi. 

"XLjonic cor pulmonale; its relation to pul- 

mofaty tuberculosis. 4m. Rev. Tuberc., Jañ 
J41, 45, 11-30. 

Acute cor pulmonale is usually caused by a 
large pulmonary embolus or it is $econdary to 
disease of the left heart. It is characterized by 
sudden onset of cyanosis, low blood pressure 
and possibly by a state of actual shock. The 
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manifestations may simulate acute coronary oc- 
clusion or spontaneous pneumothorax. Roent- 
genographically, there can be expected to be 
evidence of dilatation of the pulmonary arteries 
and enlargement in the region of the conus. 

Subacute cor pulmonale has been considered 
as identical to these. However, Brill has sug- 
gested that the subacute type is due to plugging 
of the lymphatics of the lung such as might be 
produced by metastatic carcinoma arising from 
the stomach. It is theorized that such plugging 
may cause irritation about the contiguous pul- 
monary arteries with resultant formation of 
small thrombi and hypertension in the pul- 
monary circulation. 

Chronic cor pulmonale may be secondary to 
left sided failure or it may be due to changes in 
the arterial system of the lung or to alterations 
in the pulmonary parenchyma or thoracic cage. 
The first of these is the most common, the 
changes being secondary to aortic insufficiency, 
mitral stenosis, coronary disease and even to 
beri-beri, etc. As far as changes in the vascular 
bed are concerned, thromboses may occur in 
sickle cell anemia, primary sclerosis, necrotizing 
arteritis, etc. Alterations in the parenchyma in- 
clude bronchiectasis, silicosis, bronchogenic car- 
cinoma or any other disease of widespread 
involvement. 

This report is concerned particularly with the 
chronic type and especially with pulmonary tu- 
berculosis as the contributing factor. The inci- 
dence of hypertrophy of the right heart has been 
reported variously by different observers—from 
less than o.1 per cent to as high as 33 per cent in 
cases of pulmonary tuberculosis. 

Identifying symptoms may be meager. Roent- 
genography should include posteroanterior, ob- 
lique and lateral projections. The electrocardio- 
gram may show right axis deviation or no ab- 
normality. Diodrast injections may be most in- 
formative. Tomography may be informative. 
In early cases the use of ether and decholin or 
other drugs may be indicated to establish pro- 
longation of the circulation time from the arm 
to the lung. In the more advanced cases there 
may be paroxysmal nocturnal dyspnea with 
Cheyne-Stokes breathing, cyanosis, distention 
of cervical veins, enlargement of the liver and 
spleen, ascites and edema of the lower extremi- 
ties. 

Pathologically, the wall of the right ventricle 
may be found to measure as much as § mm. in 
thickness. It may even be thicker than the left 
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ventricle. The heart may weigh 250 to $00 
grams. The pulmonary arteries may show peri- 
arterial fibrosis and atherosclerosis or subinti- 
mal fibrosis, atrophy of the media and increase 
in the elastic tissues of the intima and adventi- 
tia. 

eOf a group of 330 autopsies concerned with 
patients of the San Francisco City and County 
Hospital, 16 per gent showed cor pulmonale. 
Obliteration of pleural space was of frequent in- 
cidence among the entire group though it did 
not seem to be a definite factor. 

The existence of this condition should be con- 
sidered before instituting any type of collapse 
therapy for the added embarrassment of col- 
lapsé may result in sudden or early death. 

Death occurs earlier in cases of tuberculosis 
complicated by silicosis or anthracosilicosis as 
compared with cases of any one of these condi- 
tions, alone. Heart failure is the common ter- 
minal factor. 

In chronic miliary tuberculosis there may 
be a diffuse fibrosis through the interstitial tis- 
sues with right heart enlargement but more 
commonly a miliary lesion is too rapid in devel- 
opment to present the heart changes. 


The authors conclude that the evidence of 


cor pulmonale is relatively low in uncompli- 
cated pulmonary tuberculosis. It tends to de- 


velop in a chronic productive tuberculosis of 


long standing where there is a secondary em- 
physema; in chronic productive miliary tuber- 
culosis and in. pulmonary lesions complicated 
by silicosis or anthracosilicosis. Pneumothorax 
or long standing and markedly thickened pleu- 
rae may produce it, as may also thoracoplasty. 
The existence of other cardiac pathologic condi- 
tions can be expected to hasten the develop- 
ment of 1t.—/. A. de Lorimier. 


KornTH, C. J., Donaupson, J. M., JR., 
McConkLE, R. G. Beónchembndianis. 
"Rev. Tuberc. June, 1941, 25, 723-737. 


In 1905, Castellani described primary bron- 
chomoniliasis in a “‘tea taster" of Ceylon, India. 
Subsequent reports indicate a substantial inci- 
dence of such infection. Keiper, for instance, 
estimates that 3 per cent of apparently normal 
individuals harbor monilia in their throats and 
that 2.93 per cent of pulmonary disease is due to 
these organisms. It is more common in tropical 
and subtropical climates but masquerades as 
tuberculosis in all latitudes. 

Two such cases are reported in detail. 
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The diagnosis is dependent upon isolating the 
organism from sputum which is definitely ex- 
pectorated from the lungs. The mouth should 
be cleansed well prior to collecting a specimen. 
Usually a culture is necessary. The value of 
inoculation of the isolated organism into ani- 
mals such as the rabbit is disputed. Skin testing 
with such organisms appears to be of greater 
reliability. Agglutination tests are believed to 
be impractical. Complement fixation tests mày 
be indicative. Particularly in cases which have 
developed an allergy to the monilia, there may 
be an appreciable eosinophilia. 

Roentgen studies may be negative or they 
may show peribronchial thickenings, areas of 
infiltration, consolidations, fibrosis, pleural 
thickening or scattered nodules throughout the 
lung fields. The criteria of pulmonary tubercu- 
losis may be duplicated except that in monilia 
involvements of the lung, the apices are usually 
clear. Moreover, in the latter, the lesions are 
likely to manifest migratory tendencies. 

Pathologically, there may be found consolida- 
tions, cavitations, fibroses and tubercles. Micro- 
scopically, the alveolar walls may appear thick- 
ened, the tubercles may show a caseous center 
surrounded by epithelioid cells, lymphocytes 
and an occasional giant cell. 

Treatment consists of potassium iodide given 
in dosages of 5 drops, three times a day, in- 
creased as tolerated up to 30 drops three times a 
day. Of course, tuberculosis should be ruled out 
before instituting such treatment. The iodide 
therapy may be supplemented by subcutaneous 
injections of autogenous vaccines. Other treat- 
ment includes pix liquida (1 gram or more a 
day), thymol (given orally), gentian violet or 
methylene blue (given intravenously). Roent- 
gen therapy has given fair results. Intratracheal 
and intramuscular injections have been recom- 
mended for severe c&ses.—A. A. de Lorimier. 


SINGER, J. J., and TraGERMAN, L. J. Lipoid 
pneumonia; report of a case simulating bron- 
chial carcinoma. dm. Rev. Tuberc., June, 
1941, 747- 


Oil pneumonias are of interest paw 
because of the bizarre pictures which the 
produce and because thev are so seldom s 
pected. They are found especially during the 
first months or years of life and in old age or in 
the very debilitated. 

The case reported is of a physician who for 
several years had been taking mineral oil be- 
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a 
cause of constipation. The disease picture was 
considered a pulmonary cancer. His trouble de- 
veloped with a coronary attack following which 
he had experienced diffculty in swallowing. At 
intervals, he became febrile and expectorated 
blood streaked sputum. Roentgenography of 
the chest prompted a diagnosis of lymphatic 
carcinomatosis. One consideration was of sili- 
cosis. Because of loss of weight, hemoptysis, 
weakness and pain over the chest, carcinoma 
seemed the more likely. After a period of three 
years he had lost 66 pounds. He could not sleep 
and he suffered marked dyspnea. Various stud- 
ies were refused because the doctor had been 
told that he had a carcinoma and he was certain 
of the diagnosis. 

During the last year, he developed ascites, 
anasarca and right heart failure—secondary to 
emphysema, bronchiectasis and diffuse pul- 
monary fibrocystic changes with multiple 
abscesses. His temperature reached 104° F. 

The authors emphasize that though there be 
no known treatment for lipoid pneumonia, it 1s 
important that the administration of oils be 
discontinued as early as possible. This case, 
along with others, emphasizes the importance of 
accomplishing a complete study in all chest 
problems. Lipoid pneumonia should be sus- 
pected whenever there is a dysphagia in one us- 
ing oil. The presence of oil droplets in the spu- 
tum may support the diagnosis though such 
evidence may be lacking unless bronchoscopy 1s 
accomplished.—4. A. de Lorimter. 


Tuomas, A. Rosinson. “Blast chest"; radio- 
logical aspect of the pulmonary changes fol- 
lowing exposure to high pressure waves. 
Brit. Y. Radiol., Dec., 1941, 74, 403-406. 


Cases of what is called “blast chest” are de- 
scribed and illustrated with roentgenograms. 
They are caused by waves*of high pressure from 

explosives and a number of them have been seen 
since the beginning of the war. The chief roent- 
gen finding is an opacity of the lung, which 
varies in degree depending on the severity of the 
The ribs over the affected area are 
@ together behind and widely separated 
it, that is they are in a position of hyper- 
pansion. It is hard to get good roentgeno- 
grams of these cases as the patients are usually 
confined to bed and ofteg have severe burns or 
lacerations so that they have to be examined in 
bed with portable apparatus. There are few 
clinical signs in mild cases except a ballooning 


X 










Crowc 
in Pas 


Abstracts of Roentgen and Radium Literature 


I 
May, 1943 

e 
due to the hyperexpansion. The opacity is 
caused by hemorrhage into the lung, and there- 
fore it is important for physicians to know that 
roentgen examination should be done in these 
cases, as otherwise serious injuries may go un- 
detected.— Audrey G. Morgan. 


Crim, PauL D., Cookson, H. N., and BROAD- 
BENT, M. Patch and PPD tests and x-ray 
correlation. 4m. Rev. Tuberc., June, 1941, 43, 
799-805. 


In an Indiana section 1,556 high school 
freshman were studied with patch tests, intra- 
cutaneous tests and roentgen examinations. 
The intracutaneous testing was made with a 
dosage of 0.001 mg. as the routine. The injec- 
tions were made in the left arm and the patch 
tests were applied to the right arm (after 
cleansing and defatting with acetone). Readings 
were made after forty-eight hours and again 
after seven days. The intracutaneous tests were 
reported positive when there was redness with 
induration. The patch test was considered posi- 
tive in the presence of follicles on an erythema- 
tous indurated base. 

The incidence of contact was 10.7 per cent; 
29.9 per cent showed positive evidence roent- 
genologically or by one or the other skin tests. 
There were no definite cases of reinfection 
though 7 showed some fibrosis; 15.8 per cent 
were positive to the patch test; 16.3 per cent, to 
the intracutaneous inoculation. Fourteen were 
negative to the patch test and positive to the 
intracutaneous test while 7 were positive to the 
patch test and negative to the intracutaneous 
test. 

Considering the entire group which showed 
evidence of one sort or another, the 29.9 per 
cent, 19.7 per cent showed positive roentgen 
evidence; 16.7 per cent, positive tuberculin 
testing; 6.2 per cent were positive both to roent- 
gen ray and the tuberculin; 13.2 per cent were 
negative to both tuberculins but showed posi- 
tive roentgen evidence; 10.2 per cent were posi- 
tive to the tuberculins and negative roent- 
genologically. Sixty-five and nine-tenths per 
cent of the total group who showed any posi- 
tive evidence showed roentgen evidence while 
£6 per cent were positive to the tubercutins—an 
efficiency for roentgen examination over the 
tuberculins of 9.9 per cent. 

Previous studies of an adult group indicated 
that tuberculin testing was 2.2 per cent more 
effective than roentgen examination. The efh- 
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were collected with pathological data in 178. In 

addition to these cases 172 from the literature 

were analyzed. 

In this series the ratio of male carcinomas to 
all carcinomas in the male was 0.38 per cent 
and that to cancers in the female breast 1.32 
per cent. The average age was 57.17 years, the 
voungest patient being twelve years of age and 
the oldest eighty-six years. The average in the 
male is older than in the female. The average 
time between the beginning of symptoms and 
the first consultation of a physician was 1.14 
years. Sixty-one per cent of the patients con- 
sulted a doctor within a year of the beginning 
of symptoms and 87.2 per cent within two years 

There was retraction of the nipple in 33.1 per 
cent of the cases, pain in 38.1 per cent, bleeding 
nipple in 14.6 per cent, ulceration in 20.6 per 
cent; there was a history of trauma in 23.9 per 
cent of the cases. The carcinoma was bilateral 
in 3 cases, in the right breast in 99 and in the 
left breast in 103. 

The histopathological findings are practically 
the same in cancer of the male breast as in that 
of the female breast. The prevailing types are 
adenocarcinoma, scirrhous carcinoma, medul- 
lary carcinoma and carcinoma simplex. Sar- 
coma, squamous cell and basal cell carcinomas 
are rare. Wainwright said that he could not dif- 
ferentiate in histopathological studies between 
male and female carcinoma. 

There was local recurrence in 25.9 per cent of 
these cases, distant metastases in 46.3 per cent. 
Postmortem examinations were done in 24 of 
this series of cases and 17 from the literature. 
They showed metastases in the lungs in 62.5 
per cent, in the ribs and axillae 29.17 per cent, 
pleura 33.33 per cent, spine 25 per cent, pelvis 
and generalized metastases 20.83 per cent. 

Simple mastectomy was performed in 21 per 
cent of the author's case, total mastectomy in 
44 per cent. Roentgen treatment was given in 
53 per cent. Among these cases 23.8 per cent 
were given preoperative roentgen treatment, 
$5.I per cent postoperative and 21.1 per cent 
Ative treatment. 
rognosis is bad in cancer of the male 
t. Fifty-two per cent of these patients were 
ead within five years, though most of them 
had been given adequate surgical and roentgen 
treatment; 7.5 per cent were living and well at 
the end of that period; 7 per cent were living 
with recurrence after from five to ten years; 3 
per cent were living and well after ten to fifteen 
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years and 2.9 per cent were living after from 
sixteen to twenty years.—Audrey G. Morgan. 


KornBLuM, Kari, and BrapsHaw, HOWARD 
H. Intrathoracic neurogenic tumors. Radiol- 
0g y, Oct., 1941, 37, 391-406. 

Intrathoracic neurogenic tumors are c@m- 
monly believed to be quite rare but the authors 
have seen 7 cases within ag past four years in 
addition to one malignant metastasis which was 
mistakenly diagnosed as a neurogenic tumor. 
The only clinical symptoms from these tumors 
are pressure symptoms and their nature de- 
pends on the organs on which pressure is being 
exerted. They are of little value in. diagnosis. 
A rapid course and marked loss of weight sug- 
gest malignancy. The most valuable method of 
diagnosis therefore is roentgen examination and 
many of these tumors are discovered acci- 
dentally on routine roentgen examination. 

The authors’ 7 cases, consisting of 4 neuro- 
fibromas and 3 malignant neurogenic tumors, 
are described and characteristic roentgeno- 
grams given. In only 1 of these cases was the 
correct diagnosis made by roentgen examina- 
tion, and yet the appearance is so typical that 
diagnosis should not be difficult. Most of them 
are in the posterior part of the chest and a 
dense, rounded, well circumscribed shadow in 
the posterior part of the chest of considerable 
size should suggest such a tumor. It is remarka- 
ble to what a large size they can grow without 
causing clinical symptoms. A fluoroscopic exami- 
nation should first be made with the patient in 
all possible positions in order to show the effect 
of the tumor on respiration and heart action 
and the position of the diaphragm and its 
movements. Roentgenograms should be taken 
in anteroposterior, lateral and oblique positions. 
As neurogenic tumors are generally in the pos- 
terior part of the chest the lateral view is par- 
ticularly important. Stereoscopic films eare 
often of value. Films made with the Potter- 
Bucky diaphragm should be a part of the rou- 
tine examination. The use of iodized oil is not 
of much value but an examination after arti- 
ficial pneumothorax often gives valuable infor- 
mation. " 

The only treatment is surgical. These tumors 
are very resistant to irradiation and therefore 
in benign cases roentgen treatment is of no 
value. In malignant cases it may relieve the 
symptoms. In 2 of the authors’ cases of neuro- 
fibroma the surgical results were excellent, in 1 


t ^ 


» \ 
M Vor. 49, No. 5 
\ 

ciency of the tuberculin test increases up to the 
age of fifty years when it decreases due to prob- 
able loss of allergy. Re-examinations with 
higher dosage of P.P.D. (0.005 mg.) increased 
the efficiency 3.6 per cent. 

The authors conclude that the patch test may 
safely supplant the intracutaneous test al- 
though they admit difficulty of reading the 
former in colored sukjects.—A. A. de Lorimier. 


Gowar, F. J. SAmBroox. The post-operative 
complications of pulmonary lobectomy; clini- 
cal and experimental study. Brit. J. Surg., 
July, 1941, 29, 3-18. 


In spite of improvements in surgical tech- 
nique* pulmonary lobectomy for bronchiectasis 
still shows a mortality of 10 to 20 per cent. In an 
attempt to determine the causes of the compli- 
cations following this operation and if possible 
find means of preventing them, the author re- 
views I54 cases operated on at the Brompton 
Hospital from 1929 to 1938. 

The complications that may occur are shock, 
reactionary hemorrhage, tension pneumotho- 
rax, embolism, intracardiac thrombosis, mas- 
sive collapseof the remaining lobe, bronchopneu- 
monia, infection, pericarditis and spread of the 
bronchiectasis. Collapse of the remaining lobe 
is by far the most serious complication and was 
responsible for more than one-third of the post- 
operative deaths in this series. Illustrative 
roentgenograms are given. Collapse occurs 
much more frequently if the lobe is free and 
therefore the best means of preventing it is to 
bring about adhesions between the upper lobe 
and the chest wall. This can be done by insuf- 
flating iodized talcum powder into the pleural 
cavity. This method is harmless if the powder 
is efficiently sterilized. The ideal time for opera- 
tion is three to eight weeks after the insufflation 
while the adhesions are still soft. 

Qther precautions that may be used to de- 
crease the danger of lobectomy are: allowing a 
long period of postural drainage after operation 
in order to reduce the amount of sputum; en- 
couraging the elimination of the contrast me- 
dium after bronchography, and, if there 1s 
much roentgen evidence of retention, allowing 
an intefval of at least two months between 
bronchography and lobectomy; using spinal 
anesthesia; provision of adequate drainage and 
taking care to see that it does not become 
blocked; encouragement of postural drainage 
of the upper lobe by placing the patient in a 
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semi-sitting position as soon as possible after 

the operation; encouragement of re-expansion 

of the upper lobe by breathing exercises and if 

necessary by intermittent inhalations of CO, 

and oxygen.—Audrey G. Morgan. 


GENGENBACH, F. P., and Dosos, E. I. Congeni- 
tal tracheoesophageal fistula. Y. Pediat., Nov., 
1941, 79, 644-655. 

Tracheoesophageal fistula is usually found if 
association with atresia of the esophagus. These 
fistulae invariably occur at or close to the bifur- 
cation of the trachea. Embryologically the 
trachea and esophagus appear to arise from a 
common entodermal pouch situated in the 
thorax behind the heart. Lateral grooves ap- 
pear in this pouch when the embryo has 
reached a length of 4 mm. and these eventually 
meet in the center to form a septum which 
divides the entodermal pouch into a posterior 
tube belonging to the alimentary system and an 
anterior tube belonging to the respiratory sys- 
tem. Trachecesophageal fistulae represent in- 
complete development of this septum. 

Vogt has divided congenital atresia of the 
esophagus into three types: (a) complete ab- 
sence of the esophagus; (4) the esophagus 1s 
divided into an upper and lower pouch with no 
communication, and (c) cases with fistulous 
tracts between the esophageal pouches and the 
trachea. 

The diagnosis of tracheoesophageal fistula 
has been made by injecting barium, or better 
iodized oil, into the esophagus through a small 
catheter. Recently Lanman has advised that 
this is potentially harmful and unnecessary. He 
feels that the diagnosis can be made by insert- 
ing a soft rubber catheter into the esophagus 
and exposing a film. The only hope for ultimate 
survival of the infant lies in surgery in the first 
few days of life. Otherwise an aspiration pneu- 
monia is certain to result. á 

The author concludes his article with case 
reports of 10 infants. In the majority the diag- 
nosis was made or at least suggested by roent- 


gen examination following barium or iodizgdgge-m^ 


ingestion.—R. M. Harvey. 


Sacus, Maurice D. Carcinoma of the 
breast. Radiology, Oct., 1941, 37, 458-467. 


A questiofinaire on carcinoma of the male 
breast was sent to a large number of patholo- 
gists, radiologists and surgeons in the United 
States and Canada and records of 208 cases 
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the patient died suddenly from peritoneoscopy 
and in 1 of neurofibroma of the esophagus the 
patient died four days after operation. Diagno- 
sis is difficult in such unusual sites. dudrey G. 
Morgan. 


Opessky, I. N. The roentgen diagnosis of neu- 
einoma of the thorax. Radiology, Oct., 1941, 
37» 454457. 


The author reps from Moscow a case of 


neurinoma of the wall of the chest in a woman 
of thirty-seven who had been sent in with a 
diagnosis of echinococcus cyst of the lung. 
Roentgen examination showed an oval homoge- 
neous shadow in the upper part of the left lung 
measuring 7X4 cm. close to the chest wall. It 
appeared to lie outside the lung which was oth- 
erwise unchanged. There was no interference 
with the excursion of the diaphragm. On the 
basis of the clinical and roentgen findings a prob- 
able diagnosis of encapsulated exudative pleu- 
risy was made. Operation showed a tumor which 
histological examination proved to be a neuri- 
noma. 

These tumors of the chest wall are rare. The 
roentgen appearance may resemble that of en- 
capsulated pleurisy or metastatic tumor. If the 
roentgen picture remains constant over a long 
period and the patient's general condition is 
good it suggests neurinoma. If there are neurofi- 
bromatous lesions of the skin or elsewhere it 
supports this diagnosis.— Audrey G. Morgan. 


McGinBow, JOHN E.G. and BAkEn-Barrs, E.T. 
A bronchoscopic clinic. Brit. J. Surg., Jan., 
1941, 28, 404-414. 

The authors, who are laryngological surgeon 
and physician to the Royal United Liverpool 
Hospital, established a bronchoscopic clinic six 
years ago. It has been held once weekly and it 


has been found that the maximum number of 
patients that can be examined at a session of 


four. Up to the outbreak of the war they had 
performed 937 bronchoscopic examinations, on 
581 patients, ye males and 139 females. The 
findings were negative in 130 cases, or 22.4 per 
cent. The compilation of full notes on all cases, 
careful follow-up of the patients and autopsies 
when Possible have proved valuable features of 
the work. 

The bronchoscope used, which is illustrated, 
was designed by McGibbon. The chief symptoms 
for which patients have been sent for examina- 
tion are hemoptysis, dyspnea, pulmonary col- 
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lapse, suppitration of the lung, PNEUMONITIS and 
so-called unresolved pneumonia and suspected 
bronchial neoplasm. The findings have been 
diverse and often surprising. Of the total 581 
patients, 222 presented hemoptysis and a diag- 
nosis of tuberculosis had been made in many of 
these cases. Simple new-growth was found in 13 
of these cases and malignant new-growth in 119. 

The therapeutic measures used through the 
bronchoscope include removal of foreign bodies, 
drainage of suppurative lesions by suction, wa 
age of bronchiectatic and abscess cavities, inatel- 
lation of antiseptics, dilatation inflammatory 
strictures, removal of granulations and simple 
and malignant tumors, diathermic coagulation 
of tumors, insertion of tube containing radon 
seeds and interstitial insertion of radon seeds. 

The authors believe that bronchoscopic 
clinics are necessary but that too many of them 
should not be established or they will not get 
the large numbers of patients necessary for the 
broadest experience. À bronchoscopic team must 
include a physician, a radiologist, a laryngolo- 
gist, a thoracic surgeon and trained assistants. 

-Audrey G. Morgan. 


DovcLas, Bruce H., and BIRKELO, CARL C. 
The miniature x-ray film of the chest. 4m- 
Rev. Tuberc., Jan., 1941, 43, 108-116. 


Photoroentgenography is recommended for 
the study of large groups because it is economi- 
cal. It is an effective method of case finding 
without collaborative skin testings. With the 
use of the 4 X 5$ inch film, direct viewings are 
practical and they have been found to be sufh- 
ciently accurate. They are practical by provid- 
ing a record with one examination—not pro- 
vided with a procedure such as where the sub- 


ject may fail to return for checking of the re- 


action. Standard film studies with or without 
the use of a Potter-Bucky diaphragm, or lami- 
nectomy may be indicated for special cases, 
the miniature film roentgenography being cone 
sidered essentially a survey procedure and not 
a substitute for the finer problems of diagnosis 
of chest diseases. However, among 6,1 
secutive examinations, large film studi 
called for in only about o.8 per cent.-* 
Lorimter. 
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FAULKNER, WiLLiAM B., Jr., RODENBAUGH, 
F. H., and O’Neiva, Jonn R. Influence of the 
emotions upon esophageal function: A com- 
parison of esophagoscopic and roentgenologic 
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1941, 87, 443-447- 

Physicians have not been inclined to accept 
the belief of psychiatrists that emotional dis- 
turbance can produce symptoms that cannot be 
distinguished from those of organic disease. But 
the authors describe cases in which roentgen ex- 
amination definitely showed spasm of the esoph- 
agus under the influence of unpleasant emo- 


findings. Radiology, Oct., 


tions brought on by suggestions on the part of 


ehe physicians themselves, the spasm disappear- 
ing completely when happier emotions were re- 
stored by the suggestion of pleasant subjects. 
This possibility ofspasm being produced by emo- 
tion should be borne in mind in examining the 
esophagus. An esophagoscopic examination 


should be made in such cases to be certain of 


excluding any form of organic disease, such as 
stricture, ulcer, cancer or other pathological 
condition.—-dudrey G. Morgan. 


ABDOMEN 


Davipson, S. WHarELv, and Rose, J. Dup- 
FIELD. The value of co-operation between 
the radiologist and gastroscopist. Brit. 7. 
Radiol., Oct., 1941, 74, 307-319. 


The authors emphasize the standpoint that 

gastroscopy and roentgenology should not be 
considered rival methods but complementary 
to each other. If roentgen examination were 
made first, followed by gastroscopy, the neces- 
sity for exploratory operation would be greatly 
decreased. Finer changes in mucosal relief can 
be detected by gastroscopy than by roentgen- 
ology and an accurate knowledge of the condi- 
tion of the submucosal and muscular layers can 
also be obtained. The fundus and greater cur- 
vatureof thestomach can be demonstrated more 
easily by gastroscopy than by roentgenology, 
but it is hard to see the cardiac opening, the 
highest part of the lesser curvature, a small part 
of the posterior wall, the most medial part of the 
efundus and the lowest part of the greater curva- 
ture by gastroscopy. 

During the past two years gastroscopic ex- 
amingtions have been made in 6,000 cases at the 
Victoria Infirmary and roentgen examina- 
e been made in 256 of these. In 39 cases 
tgen diagnosis of carcinoma was confirmed 
b gastroscopic examination, but in 37 1t was 
refuted. If both forms of examination had not 
been made exploratory laparotomy would have 
been necessary in the latter cases. In 7 cases in 
which the roentgen report was negative for 
cancer it was positive on gastroscopic examina- 
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tion. Thirty-nine cases of ulcer reported by 
roentgen examination were confirmed gastro- 
scopically, 7 were refuted and 4 with negative 
roentgen reports were found positive on gastro- 
scopic examination. Two cases of polyps found 
on roentgen examination were confirmed gas- 
troscopically, but 2 reported negative roent- 
genologically were positive gastroscopically. *In 
I case a roentgen diagnosis of extragastric 
tumor was changed to OM® of cancer of the 
stomach on gastroscopic examination. In only 
I case did gastroscopic examination fail to show 
a cancer later found on operation. This cancer 
would probably have been demonstrated by 
roentgen examination, which was not performed 
on account of lack of time. e 

A much more accurate knowledge of the gas- 
tric mucosa is being developed by close coopera- 
tion between gastroscopist and roentgenologist. 
—Audrey G. Morgan. 


TavLon, Hermon. Practical evaluation of gas- 
troscopy. Lancet, Feb. 1, 1941, 7, 131-135. 


The flexible gastroscope was first used at the 
London Hospital in September, 1935. From that 
time to September, 1939, it was used in 350 
cases of dvspepsia. Of these 32 were found to 
have normal stomachs. In 26 cases (7 per cent) 
the examination could not be completed, the 
most frequent cause being inflammatory lesions 
high up on the lesser curvature. There were 
local lesions in 112 cases, 34 of these being car- 
cinoma. Small tumors that had not been diag- 
nosed clinically were found in 14 cases and car- 
cinoma was excluded in 68 cases in which it had 
been suspected clinically. In at least 25 of these 
cases exploratory laparotomy would have been 
necessary if gastroscopy had not been carried 
out. 

In a series of 321 cases of carcinoma admitted 
to the hospital during these years the operabil- 
ity was only 17 per cent in the cases diagnosed 
without gastroscopy and 68 per cent in those 
diagnosed by gastroscopy. Both ulcer and can- 
cer can be detected earlier with gastroscopy 
than without it. The two-view gastroscopic test 
is valuable. The patient is gastroscoped and an 
ulcer found. He is put on medical treatment for 
three weeks and another gastroscopy pefformed. 
If there has been healing the ulcer is benign; if 
there has been no change or progression it is 
malignant. Among 22 cases in which this test 
was used 8 ulcers supposed to be benign were 
found malignant and 14 thought to be malig- 
nant were found benign. The so-called thera- 
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A number of selected cases in which sympa- 
thectomy has been performed seem to support 
this theory. The cases must be selected because 
if the condition is of very long standing the wall 
of the intestine can no longer respond to a cor- 
rection of its innervation. The best way to de- 
termine before operation whether it is capable 
of response is by the use of spinal anesthesia 
and parasympathetic drugs.—-dudrey G. Mor- 
gan. 


Wasson, W. WALTER. Study of the gastro-in- 
testinal tract of children and its relation to 
the adult. Radiology, Sept., 1941, 37, 277-283. 


Some roentgen studies have been made of the 
gastrointestinal tract of infants and very young 
children, but not nearly so many as of adults. 
Very few have been made in the older child and 
adolescent, probably because there are few dis- 
eases at this age. 

There are certain differences in the gastroin- 
testinal tract of the infant and adult that seem 
to be of significance. In the infant the only point 
of delayed transmission of food is in the stomach, 
in the adult in the colon. In the adult emptying 
of the colon may require twenty-four to forty- 
eight hours longer than in the infant. The mu- 
cous membrane of the infant's digestive tract is 
delicate and the sphincters are not developed 
as they are in the adult. With advancing age the 
contractions of the stomach and intestines be- 
come stronger and the angulation of the flex- 
ures sharper. There is a change of some of the 
organs from a recumbent to an upright position. 
Because of the slowing of the progression of the 
food in the colon and to a lesser degree in the 
small intestine in the adult, the roentgenogram 
shows a different pattern. In the infant the 
upper parts of the small intestine show an ir- 
regular globular pattern while in the adult they 
have a typical snow-flake appearance. The out- 
line of the colon becomes sharper in the adult 
.ewith more complete filling and more pronounced 
haustral markings. The appendix of the infant 
and young child is seldom visible while lack of 
such visibility in the adult is considered a sign 

ase. 
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The author suggests that systematic studies 
should be made of the gastrointestinal tract at 
different ages and that in this way it might be 
possible to prevent some of the diseases of adult 
life by correcting functional defects in children. 
This could be done by studying groups at differ- 
ent ages or by following a single subject through 
life. The latter method would require that the 
younger roentgenologists take up the systematic 
study of the gastrointestiffk tract with regard 
to anatomy and function as well as with regard 
to disease.— Audrey G. Morgan. 


Rirvo, Max, and McDonatp, Eucene J. Gas- 
trocolic fistula: report of twelve cases. Radi- 
ology, Sept., 1941, 37, 269-276. 


LJ 

Gastrocolic fistula is rather uncommon, but 
it is of great clinical importance because if 
prompt surgical aid is not given it causes death 
in a comparatively short time. The most com- 
mon causes are peptic ulcer, cancer of the 
stomach and cancer of the colon. Cases caused 
by cancer have decreased because of better 
surgical treatment but those caused by peptic 
and jejunal ulcer have increased because of the 
increased frequency of posterior gastroenteros- 
tomy. 

Gastrocolic fistula occasionally begins acutely. 
Any sudden change in the symptomatology 
after posterior gastroenterostomy should sug- 
gest the possibility of its occurrence. Ordinarily, 
however, the beginning is gradual and the chief 
symptoms are loss of weight, nausea, diarrhea, 
and fecal vomiting. But it is difficult or impos- 
sible to make a diagnosis for the clinical symp- 
toms alone. The only means of absolute diagno- 
sis Is by the roentgen demonstration of the ab- 
normal opening between the stomach and colon. 
Sometimes the diagnosis is made by means of a 
barium meal, sometimes by a barium enema. 

The authors discuss 12 cases from the records 
of the Boston City Hospital. Seven of these 
followed posterior gastroenterostomy, 3 were 
caused by carcinoma of the stomach, 1 by can- 
cer of the colon and 1 by a tumor of unknown 
origin. Eleven of these cases were in men and 
only 1 in a woman.— Audrey G. Morgan. 
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peutic test for malignancy without gastroscopy 
is not reliable. Cancer is often accompanied by 
gastritis and the treatment heals the gastritis 
but without curing the malignant d Gas- 
troscopy will show the malignant lesion in these 
cases. Patients with dyspepsia should be taught 
to come for gastroscopic examination. 

*Gastroscopy is useful in following up ulcer 
treatment also. Frequently both patient and 
physician are inclia® to give up treatment after 
a negative roentgenogram but gastroscopy may 
show persistence of the ulcer. 

Normal individuals may have various types 
of gastric mucosa—average, hyperplastic or hy- 
poplastic. Disease is much more apt to occur in 
the hyperplastic and hypoplastic types. Acidity 
is not a reliable indicator of the type or con- 
dition of the gastric mucosa. This can be deter- 
mined only by gastroscopy. À gastric juice with 
normal or even subnormal acidity may break 
down a mucosa depressed by chronic inflamma- 
tion. 

Gastroscopy has shown that ulceration occurs 
after gastroenterostomy if there is excessive hy- 
perplasia of the mucosa. The recurrent ulcer is 
attributable not to the operation but to the type 
of mucosa. Therefore gastroscopic examination 
is of value in determining the cases in which 
gastroenterostomy should be performed and 
those in which the operation should be partial 
gastrectomy. And if gastrectomy 1s performed 
it must be extensive enough to prevent re- 
current ulceration. 

A wider use of gastroscopy would decrease 
the mortality from cancer of the stomach and 
the morbidity from gastritis and peptic ulcer. 
— Audrey G. Morgan. 


Wuire, J. Duncan. An unusual sequel to gas- 
troscopy. Brit. J. Radiol., Nov., 1941, 74, 
364-365. 

A case is described in which gastroscopy was 
performed in a man of fifty-eight because of sym- 
toms of duodenal ulcer and gastritis. The in- 
strument passed without any difficulty, but 
four days later the patient had fever and dys- 
phagia and roentgen examination showed that 
the esophagus had perforated and a retropharyn- 
geal abecess had developed. This is unusual when 
there is no difficulty in the passage of the gastro- 
cope. Probably the instrument caused a slight 
abrasion of the mucosa which became infected 
from the esophagus.— Audrey G. Morgan. 


Cotmers, Ruporr A. Parasternal diaphrag- 
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matic hernia with report of a case on the 
right side. Radiology, Dec., 1941, 37, 733-739- 


A case of right parasternal diaphragmatic 
hernia is reported in a woman of seventy-seven. 
Autopsy showed a loop of the transverse colon, 
part of the great omentum and the upper part 
of the round ligament of the liver herniated into 
the right side of the thorax through the foramen 
of Morgagni. The middle lobe of the right lung 
was atelectatic and reduced to a thin strip ef 
tissue. It contained a calcified nodule, apparently 
a healed focus of primary tuberculosis. There 
was coal pigment in the lung and elastic fibers 
in the walls of the alveoli. The patient had had 
no symptoms referable to the hernia until after 
she was forty years of age. 

This case seems to support the theory that 
these parasternal herniae develop during adult 
life. The patient had the type of constitu- 
tion that predisposes to parasternal hernia. The 
elastic fibers in the walls of the alveoli prove that 
it developed after birth and the coal pigment in 
the atelectatic lobe suggests that it appeared 
during adult life. 

Because of the high incidence of strangulation 
in these cases operation should be performed un- 
less there are strict contraindications. Roentgen 
examination is useful in diagnosis. If the colon 
is in the hernia the haustration is often visible. 
If omentum or gut filled with feces is in the her- 
nia there is a rounded shadow free of the lung 
and continuous with the diaphragm. Differential 
diagnosis from tumor may be difficult. In this 
case, as well as in one described in the literature, 
the roentgenogram suggested interlobar fluid. 
The attending physician in that case recom- 
mended paracentesis, which if it had been per- 
formed would probably have been fatal.— Au- 
drey G. Morgan. 


DeLano, Percy J., Ronayne, FRANK J., and 
Sarde, THomas B. Rectal dy schezia: a mis- 
nomer for megarectum. Radiology , Dec., 19419* 
Jls 7 7139-13 
A case of enormously dilated rectum filled 

with masses of feces is described in a wo 

twenty-seven. She had suffered from 
dition since childhood. It has common 
called rectal dyschezia and has been attribu 
to strictures and atresia above the dilated seg- 
ment. The Authors believ e, however, that it 1s 
caused by anomalies In sympathetic innervation 
and that the name rectal dyschezia should be 


given up and that of megarectum substituted. 
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ROENTGENOLOGIC CHANGES IN THE SMALL INTES- 
TINE IN THE PRESENCE OF THE HOOKWORM* 


By GEORGE R. KRAUSE, Major, M. C., Army of the United States 
X-Ray Section, Station Hospital 
and 
JAMES A. CRILLY, First Lieutenant, M. C., Army of the United States 
X-Ray Section, Station Hospital 
FORT JACKSON, SOUTH CAROLINA 


INTRODUCTION 


OENTGENOLOGISTS, as a group, 
paid little attention to the small intes- 
tine until the last decade. Diagnosis of dis- 
ease in this portion of the gastrointestinal 
tract was almost entirely confined to an oc- 
casional case of neoplasm or the presence 
of ileus. In the past ten years, however, 
Mackie and his associates,’ Snell and 
Camp,*? Golden, +? Pendergrass and his co- 
workers®:? and Kantor? have contributed 
much to our knowledge of the abnormal 
physiology of the small intestine. The list 
of diseases or clinical entities now known to 
cause the alterations in the appearance and 
the function of the small intestine known as 
the “deficiency pattern", is quite extensive. 
They are best listed in outline form. 


I. Nutritional disturbances 
A. Primary (no obvious anatomic cause) 
1. Celiac disease 
a. Tropical sprue 
3. Non-tropical sprue (idiopathic stea- 
torrhea) 
4. Deficient diet (as pellagra) 


B. Secondary to disease of the gastrointes- 
tinal tract 
Peptic ulcer 
3, Cancer 
1. Tuberculosis of the small intestine 
4. Biliary or pancreatic disease 
c. Chronic ulcerative colitis 
6. Regional ileitis 
7. Sclerosing inflammation of the mes- 
enteric lymphatics 
II. Other causes 
1. Hypoproteinemia (as nephrosis) 
Diabetes insipidus 
Parathyroid disease 
4. Allergic states 


H 


, ` 
-— 
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[t is not within the scope of this paper to 
discuss these diseases. It 1s our purpose ate, 
this time to add infestation with the hook- 
worm, Necator americanus, to the list of 


those diseases capable of causing thegdef- 
ciency pattern. J^ 


HOOKWORM INFESTATION ý aN 


The hookworm is widely distributed 
throughout the tropical and subtropical re- 


* Published with permission of the Surgeon General, War Department, United States Army, who assumes no responsibility for 
statements made or conclusions reached herein. Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, 


Chicago, Ill., Sept. 15-18, 1942. 
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Fic. 1. (J. B.) A normal small intestine one and one- 
half hours after administration of barium. Note 
the even caliber of the lumen of the intestine, the 
continuous column of barium and the delicate, 
sharply defined mucosal folds. Contrast this ap- 
pearance with that of the succeeding roentgeno- 
grams. 


gions of the world, but Necator americanus 
is the only hookworm of importance to man 
in the Western Hemisphere. This parasite 
is found in the southern half of the United 
States, the Caribbean Islands, Central 
America and the northern portion of South 
America. It must be remembered that per- 
sons who have lived and travelled in these 
portions of the world may acquire and har- 
bor these parasites when they return to more 
emirate climates. 

NeMelor americanus, in its adult phase, 
habits the small intestine, especially the 
middle third, and is responsible for the syn- 
drome of hookworm disease. The males 
measure 7-9 mm. in length by 0.3 mm. in 
diameter; the females are slightly larger. 
The details of the life cvcle and the mor- 
phology have been clearly worked out and 
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are described in the literature on parasitol- 
ogy. 

Hookworm infestation usually begins in 
childhood when exposure is frequent, since 
in the regions mentioned children usually 
go barefoot, both by preference and for rea- 
sons of economy. The worms are known to 
persist in the small intestine for at least six 
to seven vears erne tts last infestation, 
but probably remain for longer periods. 

The typical patient suffering from hook- 
worm disease is chronically tired, feels “‘be- 
low par” and complains of lassitude. Heart- 
burn, flatulence, epigastric fullness and pain 
are relatively frequent. The patient is usu- 
ally thin and has a sallow complexion. Lab- 
oratory studies often reveal a secondary hy- 
pochromic anemia (due to chronic blood 
loss) and an eosinophilia. 

In severe cases these symptoms are more 
pronounced. The lassitude becomes apathy, 
the gastrointestinal symptoms become more 
severe and the anemia quite pronounced. 


TECHNIQUE OF EXAMINATION 


Four ounces of barium sulfate suspended 
in § ounces of normal saline were adminis- 
tered in the morning to the fasting patient. 
The usual roentgenoscopic examination of 
the stomach and duodenal bulb was made. 
The patient was examined at intervals of 
one-half hour either roentgenoscopically or 
roentgenographically, until the head of the 
barium column reached the cecum and the 
remainder of the barium was in the ileum. 
At this time, usually three to four hours 
after the start of the examination, the pa- 
tient was given a glass of milk and a slice of 
bread and butter (to test the food reflex). 
A roentgenogram was then made in one- 
half hour and thereafter as indicated until 
the barium cleared the small intestine. The 
examination was discontinued at nine hours 
even if an ileal residue was presente 


SELECTION OF CASES 


Complete small intestinal studies were 
made on 97 young white soldiers (eighteen 
to thirty-four years of age) in whose stools 
the ova of Necator americanus were present. 
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In almost all instances the ova were detect- 
ed in two or more stool specimens. None of 
these men had any systemic disease known 
to cause alterations in the small intestinal 
pattern; none had a remote or recent his- 
tory of inadequate diet or chronic alcohol- 
ish ; none had demonstrable organic disease 
of the gastrointestinal tract. Two men were 
Puerto Ricans, afi the rest had been born 
and reared in southern states with two ex- 
ceptions. 

On the basis of the clinical findings alone, 
these cases were divided into two groups, 
clinically significant "'"hookworm disease,” 
and incidental, asymptomatic “hookworm 
infestation.” 

A man who passed the ova of Necator 
americanus in his stool was classed as suffer- 





Fic. 2. (L. W.) Dietary deficiency due to limited diet 
before and after operation for perforated gastric 
ulcer. éhis roentgenogram made immediately after 
roentgenoscopy of the stomach and duodenum 
shows a moderately severe distortion of the jejunal 
pattern. There is coarsening of the mucosal folds 
and some segmentation. Barium administered six 
hours earlier is in the cecum and ascending colon. 
The jejunal changes were found incidentally on a 
gastrointestinal series (see Fig. 3). 


N l 


Roentgenologic Changes in the Small Intestine 


¢ 


aoe | 
Im] 
— 





Fic. 3. (L. W.) Same case as Figure 2. After adminis- 
tration of liver extract twice weekly for five weeks 
this roentgenogram, made at one-half hour, shows 
the mucosal pattern to be almost normal, and the 
segmentation to be absent. This case is presented 
to illustrate the type of findings described in the 
literature as the "deficiency pattern.” Note the 
similarity of these changes to those seen in the 
succeeding reproductions, which, however, are due 
to the hookworm. 


ing from clinically significant ““Shookworm 
disease" only if he entered the hospital with 
the typical clinical syndrome, with anemia 
or with chronic congplaints referable to the 
gastrointestinal tract, and provided that he 
suffered from no other demonstrable dis-™ 
ease, systemic or gastrointestinal. There 
were 44 such cases. 
Any patient in 
found on a routine examination, wi had 
no gastrointestinal symptoms, no ane 
mia, no loss of “pep” and no lassitude was 
regarded ag a case of incidental, asympto- 
matic “hookworm imfestation,” of no clini- 
cal significance. There were 53 such cases. 
It should be especially noted that this 
classification was made entirely on clinical 


whose stool ova bee 


l x. 


George R. Krause and James A. Crilly JUNE, 1943, 


~] 
to 
L3 


3. Flocculation 
4. Obliteration of folds 


IIl. Abnormal function of tunica muscularis 
A. Motility 
I. Hypermotility 
us Hypomotility 
B. Tonicity e 
1. Hypertonicity 
a. Segmentation 
. Hypotonicity 
a. Dilatation 


to 


These same alterations have been en- 
countered in this study. It is evident that 
a uniform type of response occurs in the 
small intestine as the result of a numBer of 
different influences. 

Coarsening of the mucosdl folds in the 


mid and distal Jejunum was the earliest var- 





Fic. 4. (L. P.) “Hookworm disease.” At one and one- 
half hours a single loop of jejunum exhibits coars- 
ening of the mucosal folds with one area of seg- 
mentation (arrows). The jejunum is otherwise nor- 
mal. The barium column has reached the hepatic 
flexure, indicating hypermotility. Minimal changes. 
(See Fig. 5.) 


grounds, and that the roentgenograms were 
examined objectively for the presence of 
'arlations from the normal pattern. 


ROENTGEN MANIFESTATIONS 


The abnormalities of the physiology of 
the small intestine known as the “defi- 
ciency pattern" are m@nifested by varia- 
ions from the normal in the appearance 
and function of the mucous membrane (in- 
cluding the muscularis mucosa) and the 


tunicg muscularis propria (or true muscle 
e 


TheSé may be outlined as follows: | js ‘gure 4. T ! 
g these may be outlined as follows: Fic. 5. (L. P.) Same case as Figure 4. Ten weeks after 


€ 





successful anthelmintic therapy this roentgeno- 
gram was made at one hour after the administra- 
tion of barium. There is still slight hypermotility, 
but the barium column is continuous and the mu- 


I. Abnormal function of the mucous mem- 
brane 


a e ° . 
A. Pattern changes of the mucosa (in in- 


creasing severity) cosal folds are normal. There is practically a com- 
I. Coarsening of folds plete return to the normal appearance. The patient 
2. Irregularities of folds is clinically well. 
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iation from the normal found in the mucosa. 
The hookworm itself is too small to demon- 
strate roentgenographically. In the more ad- 
vanced cases, irregularities of the mucosa 
were present and finally the mucosa was 
entirely obliterated in a few severe cases. 
Flócculation was seen in a number of cases, 
but alwavs in moderately and severely al- 
tered small intestines. 

Alterations in the muscular function were 
frequently noted. Hypermotility (barium 
reaching the cecum in one hour or less) and 
localized areas of segmentation were com- 
mon features, but hypomotility and dila- 
tation (loss of tone) were characteristically 
seen only in far advanced cases. All of these 
changes are clearly illustrated in one or 
more of the roentgenograms reproduced 
herewith. The legends are self explanatory. 

In some cases the mucosal changes were 
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Fic. 6. el T.) "Hookworm disease." Roentgenogram 
made at one hour reveals definite hypermotility 
with break up of the barium column. There is 
dilatation of a loop of proximal jejunum, coarsen- 
ing of the mucosal folds and moderately severe 
segmentation. Moderately severe changes. (See 
Fig. 7.) 
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Fic. 7. (C. T.) Same case as Figure 6. Twenty weeks 
after successful anthelmintic therapy this roent- 
genogram made at one and one-half hours shows 
that the hypermotility and segmentation are no 
longer present. The mucosal pattern still shows 
some abnormality. The patient was clinically 
cured. 


visible first, and in others, segmentation or 
hypermotility (muscular functions) were 
the first abnormal findings. In well marked 
cases both mucosal and muscular changes 
were always present, although in any given 
case either might predominate. 

In almost everv*case an adequate food 
reflex was present. In the few cases in whiche 
the reflex was absent or diminished there 
was no relation to the presence or absence 
of other abnormal roentgen manifestagops.. 

The mucosal folds in the ileum are nor- 
mally quite low, and therefore alteration, 
in the mucosal pattern were not as clear cut 
as in the jejunum. Furthermore, segmen- 
tation and Stasis occurred in the distal half 
of the ileum when the rest of the small in- 
testine was quite normal, and when the pa- 
tients had no symptoms. It appears that 
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Fic. 8. (A. D.) "Hookworm disease.” This roentgeno- 
gram at one and one-half hours presents severe dis- 
tortion of the normal pattern in the jejunum. 
There is marked segmentation (arrows), break up 
of the barium column and coarsening of the muco- 
sal pattern, which in some areas is obliterated. Se- 
vere changes. (See Fig. 9.) 


changes in the ileum are not as well defined 
as those in the jejunum, and therefore not 
valuable as a diagnostic guide. 

An occasional patient was encountered 
whose small intestine appeared to be nor- 
mal at the start of the examination and 
then abruptly presented marked changes 
from the normal in succeeding roentgeno- 
# rams. Conversely, an occasional small in- 
testine was seen which appeared to be ab- 
normal at the start, but which after one or 
awe Hours assumed a normal pattern. These 
findings were confirmed on re-examination. 
The significance of these alterations is not 
clear. Food allergy was excluded by the fact 
that these changes occurred before the test 
meal was given. e 

Each small intestine study was graded 
and placed into one of four groups on the 
basis of the presence or the severity of these 
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abnormal findings. These groups were en- 
titled normal small intestine, and minimal, 
moderate and severe alterations from the 
normal. 

In the 44 cases of "hookworm disease" 
the following distribution occurred: 


Normal small intestine.......... 4 
Minimal alterations............ 14 
Moderately severe alterations.... 11 


Severe alterations.............. 


In the 53 cases of “hookworm infesta- 
tion" the following distribution occurred: 


Normal small intestine.......... 33 
Minimal alterations............ 16 
Moderately severe alterations.... 2° 
Severe alterations.............. 2 


These tables show that 40 of 44 cases of 
clinically significant “hookworm disease" 





Fic. 9. (A. D.) Same case as Figure 8. Ten weeks 
after anthelmintic therapy this roentgenogram 
taken at one and one-half hours shows remarkable 
improvement but not complete return to normal. 
There is still present a large dilated loop of jeju- 
num which has coarsened folds (arrows), but the 
remainder of the mucosal folds are almost normal 
and the barium column is more nearly continuous. 
The patient was clinically cured. 
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in this study showed pathologic changes in 

the small intestine. Of the cases without 

symptoms, i.e. the incidental cases of "hook- 

worm aana only 4 of $3 cases showed 
m, more than minimal changes. 

It has long been established that the se- 
velity of the infestation with the hookworm 
roughly parallels the severity of the symp- 
toms. A significant correlation therefore 
exists between the presence and the extent 
of the physiologic alterations seen on the 
roentgenograms, the clinical findings and 
the severity of the hookworm disease. This 
close relationship further indicates that the 
hookworm is the sole cause of the altera- 
tions from the normal pattern encountered 
in this study. 

It should be noted at this point that the 
2 cases which were entirely asymptomatic, 
but which showed severely damaged small 





Fic. 11. (M. W.) “Hookworm disease." Roentgeno- 
gram made at one-half hour demonstrates com- 
plete obliteration of the mucosa and severe seg- 
mentation. This patient was critically ill, with a 
red blood cell count of 1,000,000, and required two 
transfusions before this study was made. 


intestines, both. gave a historv of having 
been treated for hookworm in childhood, 
and of having had the ground itch on 
numerous occasions. Therefore, in these in- 
stances 1t is probable that the pathologic 
manifestations now visible were due to an 
infestation of considerable severity in the 
past which caused irreparable damage to 
the small intestine. This is further support- 
ed by the fact that re-examination follow- 
ing successful anthelmintic therapy showed ™ 
no change from the appearance seen on the 
original examination. 

The 4 patients with “hookworm diseasg”’ .. 
whose small intestines were normal by 
roentgen examination were borderline cases,. 
| | I.e. the symptoms were mild and vague. It 
Fic. 10. (J. S.) “Hookworm disease." Roentgeno- jg probable that thev should have been 

gram made at three and one-half hours shows that 

no barium has reached the cecum. The barium is classed as incidental, cases but at the time 

clumped in the ileum, but throughout the jejunum of the original interview they were regarded 

there is definite and nell marked flocculation, indi- aS significant, and we have not c hanged the 
cating a disturbance of the mucosal pattern. grouping. 
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Fic. 12. (M. W.) Same case as Figure 11, same day. 
This roentgenogram was made at two hours. 
There is demonstrated a delayed gastric emptying 
time and hypomotility in the small intestine. The 
segmentation is pronounced. The jejunal mucosa 













has a "washed out" appearance. This is a very 
severe disturbance. (See Fig. 13.) 


Fic. 14. (M. W.) Same case as Figure 13. Six weeks 
later (ten weeks after the first examination) this 
roentgenogram made at one-half hour shows an al- 
most complete return to normal. There is still some 
coarsening of the mucosa. The red blood count was 
3,900,000 at this time and the patient was clini- 
cally well. 


Twenty-nine cases with abnormal small 
intestines were re-examined after success- 
ful anthelmintic therapy at intervals vary- 
ing from five weeks to six months. Eighteen 


Fic. 13. (M. W.) Same case as Figure 12. Four weeks 
after successful anthelmintic therapy this roent- 
genogram, made almost immediately after the ad- 
ministration of the barium, shows a single group of 
severely distorted jejunal loops (arrows), in which 
segmentation and loss of mucosal folds is promi- 
nent. The remainder of the small intestine visible is 
practically rormal. The red blood count was 


3,500,0cc. 


VoL. 49, No. 6 


of these patients had had minimal altera- 
tions, of whom $ were normal and 5 showed 
improvement re-examined. Eight 
showed no change, in spite of clinical cures. 

Eleven of the patients re-examined had 
originally been found to have moderately 
owseverely damaged small intestines. None 
of these returned to normal after therapy. 
Fight showed improvement and 3 showed 
no change. The tendency for return to nor- 
mal was most marked in the tvpe of change 
which predominated in the individual case. 
That is, if mucosal changes predominated, 
the return to normal was most marked in 
the fhucosal pattern. The same held true if 
changes in the tunica muscularis were pre- 
dominant. 

The experience of others (Snell and 
Camp, Golden) with other causes of the de- 
ficiency pattern is thus confirmed. Severely 
distorted small intestines mav return tow- 


when 





Fic. 15. (E. E.) “Hookworm disease." Roentgeno- 
gram made at one and one-half hours shows some 
break up in the barium column with segmentation 
(arrows) and hypermotility. The mucosal pattern 
is relatively normal. 
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Fic.i16. (E. 


E.) Same case as Figure 15. Nine weeks 
after successful anthelmintic therapy and a re- 
markable clinical recovery, there is practically no 
improvement in this one and one-half hour roent- 
genogram. This patient had had the ground itch 
on many occasions as a child, and it is possible that 
the changes seen represent the end stage of a re- 
mote infestation. 


ards, but not to, the normal. Some cases 
with only minimal changes may exhibit 
restitutio ad integrum. The clinical improve- 
ment was more rapid and more marked 
than the roentgenologic improvement. 
€ 
MECHANISM 

Golden discussed the possible physiolog-" 
ic mechanisms involved in the production 
cf the “deficiency pattern." He pointed out 
that the diversity of causes suggested. that 
some common mechanism must be involved, 
and that, inasmuch as the intramural nerv- 
ous systems controls, or at least influences, 
the intestinal movements, it might well be 
the common factof. The similarity of the 
changes in the small intestine which we 
have encountered in this study to those 
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of the deficiency pattern indicates that in 
this instance also some systemic mechanism 
is called into play. 

The actual physical presence of the hook- 
worm in the lumen of the small intestine is 
probably not the determining factor, since 
no other reported cause of the deficiency 
pattern possesses this factor. Furthermore 
wehave observed similar changes in 2 cases 
of Trichuris trichiura and 1 each of Hymen- 
olepis nana and Ascaris infection. 

Anemia is probably not the cause, since 
very few patients had severe anemia, and 
there was no constant correlation between 
the degree of anemia and the extent of the 
changes in the small intestine. Hypopro- 
teinemia (as a result of chronic blood loss) 
could not be excluded since we were unable 
to have quantitative protein determinations 
done, but no patient had edema. 

The possibility of an exotoxin must be 
considered but no evidence has been pro- 
duced to date to indicate that the hookworm 
produces such an exotoxin. 

It is probable that the absorption of cer- 
tain essential dietary factors is interfered 
with as a result of the damage done to the 
small intestine by the hookworm. It would 
have been of considerable interest to ad- 
minister liver extract parenterallv before 
beginning anthelmintic therapy. A return 
to the normal pattern under such paren- 
teral therapy would have definitely estab- 
lished the evidence of a deficiency, due to 
the hookworm, as the cause of the abnormal 
small intestinal pattern. Unfortunately 
this could not be done. Considerable pres- 
sure existed to return these men to duty as 

o00n as possible, and a delay of some weeks 
before beginning anthelmintic therapy 
could not be allowed. It is hoped that at 
some time in the future this aspect of the 
problem can be investigated. 


SUMMARY AND CONCLUSIONS 


I. Certain alterations in the small intes- 
tinal pattern have been described in a num- 
ber of clinical entities under the term ‘‘defi- 
ciency pattern." This report indicates that 
infestation with the hookworm, Necator 
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americanus, causes this same alteration in 
the physiology of the small intestine. There- 
fore, when the deficiency pattern is seen, 
the patient's stools should always be ex- 
amined for the ova of intestinal parasites. 

2. Complete small intestinal studies were 
made on 97 young adult, white males known 
to harbor the Necator americanus, and who 
had no other disease known to cause the de- 
ficiency pattern. Of the 44 cases of clini- 
cally significant “hookworm disease," 40 
showed abnormalities of the small intesti- 
nal pattern, 26 of which were moderately 
or far advanced. Of the 53 cases of asymp- 
tomatic incidental “Shookworm infestation,” 
33 had a normal small intestine, 16 showed 
minimal variations from the normal and 
only 4 had severe alterations of the normal 
pattern. 

3. After anthelmintic therapy alone,there 
was a return towards, but not to, the nor- 
mal pattern, in severe cases. Minimal alter- 
ations disappeared entirely in some instan- 
ces. 

4. Asignificant correlation exists between 
the presence and extent of the physiologic 
alterations seen on the roentgenograms, the 
clinical findings and the severity of the 
infestation with the hookworm. 

5. The pathogenesis of these changes is 
still obscure.* 
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* Since this article was written a report by A. McKenzie (De- 
ficiency of vitamin Bı in hookworm anaemia, Lancet, 1939, /, 
1143-1145) has come to our attention. In treatment of the anemia 
of hookworm disease McKenzie found that simple iron prepara- 
tions were the most efficacious, but that the edema present in his 
severe cases yielded only to large doses of vitamin B, given par- 
enterally. A generous diet had not proved curative, and brewers’ 
yeast had yielded only slight improvement, indicatin® that im- 
paired absorption was the most probable explanation. This treat- 
ment was carried out before anthelmintic therapy. 

The patients had been on the standard diet supplied estate 
workers in East Africa. Other workers not infested with the hook- 
worm showed no such deficiency. 

This report of improvement of clinical symptoms confirms our 
opinion that the changes visible roentgenologically are actually, in 
large part, a “deficiency pattern.” 
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would add 6 mm. to the diameter of the 
bony cranium as obtained from the mean 
corrected measurements of the film images. 
Since the ratio of the diameter to the cir- 
cumference of a circle is pi, 3.1416 X0.6 cm. 
gives the difference between the circum- 
ference of the bony cranium and that of the 
surface of the scalp; therefore, the scalp 
volume is included in the estimate of the 
fetal cranium by adding 2 cm. to the mean 
circumference measurements of the skull. 
Figure 6 is a chart showing the volume of 
the sphere from circumference measure- 
ments. 

It should be emphasized that the mean 
(average) measurement of the fetal cra- 
nium is made from the corrected measure- 
ments since the object-diaphragm surface 
distances may be different in the two views. 
Parenthetically, it may be added that one 
should not forget to add 2 cm. to the mean 
measurement to include the scalp. 


FETAL CRANIAL MEASUREMENTS IN 
BREECH PRESENTATIONS 


In a breech presentation the fetal cranial 
image is not close enough to the pelvic 
inlet to make an accurate comparison of 
size. However, the circumference of the 
fetal cranium can be measured in right 
angle views and the mean measurement, 
plus 2 cm. for scalp allowance, can be com- 
pared with the volume capacity of pelvic 
diameters. The cranial measurements are 
made from roentgenograms taken with the 
central ray passing through the body of the 
mother at or near the level of the fetal 
head as described undtr technique. The 
measurements and computation are the 
same as described for a cephalic presenta- 
tion except that the object-diaphragm sur- 
face distances are obtained from different 
points. The only difference is that the line is 
extended up from the sacrum in the lateral 
view to obtain the object-diaphragm sur- 
face distance for the image measured in the 
anteroposterior view. Similarly*the line is 
extended up from the inner border of the 
greater trochanter in the anteroposterior 
view to obtain the object-diaphragm sur- 
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face distance of the image measured in the 
lateral view. The standing position of the 
patient eliminates shifts of the fetus be- 
tween exposures except for the rare instance 
of an active fetal movement. 


DISCUSSION * 


The erect posture is preferable to any 
other position for a roentgenographic ex- 
amination of the obstetrical patient. Be- 
cause of the effect of gravity, the fetal head 
will usually be found dipping into the pelvis 
and thereby permita good visual estimation 
of the spatial relationship between the fetal 
head and bonv pelvis. In cases of cephalic 
presentation, the normal position of the 
head in the midcoronal and median planes 
permits the recognition of soft tissue dys- 
tocia or placenta praevia when found dis- 
placed from the normal position. Roentgen- 
ograms taken with the patient erect are 
more satisfactory for mensuration than 
when taken in any other position. The 
erect posture is more pleasant and more 
comfortable to the patient near term. 

The measurements described above are 
useful (1) for the purpose of clinical ob- 
stetrics, to aid in determining possible 
difficulty in delivery, and (2) for the purpose 
of anthropological study and statistical 
analysis. 

For clinical purposes some of the di- 
ameters mentioned above are of no imme- 
diate significance. It has becomeour custom 
in writing reports to give the following 
diameters: anteroposterior (B) and trans- 
verse of the inlet (L), interspinous (A), 
intertuberous (N), base of the subpubic 
arch (T), sagittal diameter of the fore 
pelvis (D), and of the posterior pelvis (£). 
Obviously from the obstetrical standpoint, 
the three most important diameters are 
the anteroposterior and transverse of the 
inlet and the interspinous. The report 
includes a description of the shape of the 
inlet, using the terms recommended by 
Caldwell and Molov, of the shape of the 
sacrum, of the tvpe of sacrosciatic notches 
(male or female) and whether wide or 
narrow, of the side walls of the pelvis, 1.e., 
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face distance of the biischial spine diameter 
(Fig. 4, A), the distance from the biischial 
spines to / in Figure 3 is measured. The 
total object-film distance will of course be 
this measurement plus the diaphragm sur- 
face-film distance. The corrected dimension 
ofethe biischial spine diameter is then ob- 
tained by use of the nomogram. A graphic 
summary of the points used to obtain the 
objezt-diaphragm surface distances of the 





Fic. 8. Tracing of roentgenogram shown in Figure 4. 
The prime letters indicate the object-table top dis- 
tance of the dimensions shown in Figure 3. See text 
for description of method of measurement. 


transverse pelvic dimensions is shown in 
Figure 7. Similarly the points of measure- 
ment for object-diaphragm surface dis- 
tances of the dimensions in the median 
plane of the pelvis are shown in Figure 8. 
The points of measurement of the great- 
est transverse diameter of the pelvic inlet 
should be explained in detail. In the antero- 
posterior view, it will obviously be the 
greatest horizontal diameter of the inlet 
(Fig. 4, L). In order to locate this point in 
the lateral view, to obtain its distance from 
the diaphragm surface, a line is drawn par- 
allel tô C (Fig. 3) passing through the 
ischial spines. This line is labelled cc in 
Figure 7. The point of intersection of cc 
with the iliopectineal line is the point of the 
greatest transverse diameter of the inlet 
regardless of the shape of the pelvis. We 
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have examined a large series of articulated 
pelves and checked this observation in 
stereoscopic views. The greatest variation 
has not been over 0.5 cm. in any pelvis ex- 
amined. 

The usual reference to the size of the fe- 
tal head, in American literature, is in terms 
ofcardinal diameters such as thesuboccipito- 
bregmatic, occipitofrontal, bitemporal, bi- 
parietal, etc. For purposes of roentgeno- 
graphic mensuration it is believed that a 
more accurate estimate of the total size of 
the fetal cranium can be made from cir- 
cumference measurements of the fetal 
cranial image. À diameter measurement 
may be foreshortened when lying in an ob- 
lique position in reference to thecentralray. 
l'urthermore, it is not alwavs easy definite- 
ly to locate end points, even in stereoscopic 
views. When the mean circumference meas- 
urement of the fetal cranial image is made 
from right angle views (anteroposterior and 
lateral), the total volume of the cranium 
can be calculated. The perimeter of the 
cranial image is easily located and can be 
traced and measured in centimeters with 
a map measure. 

In order to correct for the magnification 
of the fetal skull image perimeter measure- 
ment, the object-diaphragm surface dis- 
tance 1s obtained from the roentgenogram 
taken at right angles. The image in the 
anteroposterior view (Fig. 4, X) is equiv- 
alent to a cross section taken in a vertical 
plane represented by a heavy striated line 
in Figure 7. The object-diaphragm surface 
distance is represented by X’ in Figure 7. 
Thus, the circumference measurement is 
corrected in a manner similar to that used, 
in correcting the pelvic dimensions as ob- 
tained from the roentgenographic image. 
The object-diaphragm surface distance for 
the cranial image in the lateral view is 
shown in Figure 8, y’. 

The volume of the scalp of the fetus near 
term is about one-fifth the total volume of 
the craniurh. Allowance should be made for 
this in estimating the total volume of the 
fetal cranium. The average thickness of the 
scalp of the newborn is about 3 mm. This 
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At 3o inch anode-film distance, 2 cm. 
should be added to the measurement of O 
obtained from the anteroposterior view. 
One-half of the resulting figure gives ap- 
proximately the distance of the median 
sagittal plane of the pelvis from the dia- 
phragm surface. The figures obtained in 
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Vic. 7. Tracing of roentgenogram shown in Figure 3. 
The letters marked prime indicate the object-table 
top distances of the transverse dimensions shown 
in Figure 4 used in correcting the measurements. 
In this instance, the distance from the table top 
(4!) of the greatest transverse diameter of the inlet 
(L^) happens to be practically the same as that 
(X^) of the central vertical transverse plane of the 
fetal head in the anteroposterior view. 

e 


shis way may be a little larger or a little 
smaller than those obtained with the tech- 
nique rule as described above, but the vari- 
ation in the results of the two methods is 
usually under 0.5 cm. and is rarely over 
1.0 cm., which produces a negligible differ- 
ence in the corrected pelvic measurement. 
For example, a 2 cm. difference in the deter- 
mination of the intertrochanterfe distance 
makes a change of 1 cm. in the distance of 
the median plane of the pelvis from the film 
which, in turn, produces only about 1 mm. 
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ditterence in the corrected measurements of 
the diameters in the sagittal plane of the 
pelvis, which is obviously unimportant. The 
reason for this difference in the results of 
the two methods probably lies in the differ- 
ent amounts of adipose tissue lying lateral 
to the greater trochanter in different indi- 
viduals. 

One-half of the bitrochanteric diameter, 
as previously stated, is the object-dia- 
phragm surface distance. The distance 
from the diaphragm surface to the film is a 
constant which varies only with the partic- 
ular Potter-Bucky diaphragm and make of 
the apparatus. The diaphragm surface-film 
distance plus the object-diaphragm surface 
distance is, of course, the object-film dis- 
tance. The correction of the measurements 
of the dimensions shown in Figure 3 is then 
made by placing the movable arm of the 
nomogram over the appropriate points on 
the two scales to left, shown in Figure 5, 
tightening the knurled knob over the slot 
and then swinging the movable arm around 
to where it intersects the scale of measured 
dimension. The corrected dimension is read 
from the point of intersection of the hair 
line in the movable arm on the scale of true 
dimension. 

The pelvic dimensions shown on the an- 
teroposterior view (Fig. 4) mav be defined 
as follows: 


M. Greatest width of the sacrum. 

L. Greatest transverse diameter of the pelvic 
inlet. 

K. Biischial spine or interspinous diameter. 

O. Inner bitrochanteric diameter. 

N. Buschial diameter taken at level of in- 
ferior borders of ischial spines. e 

T. Biischial. diameter taken at lowermost 
point of ischial tuberosities (base of sub- 
pubic arch). 


The object-diaphragm surface distances 
of these pelvic dimensions may be very 
closely estimated from the lateral roentgen- 
ogram. A line, ¢¢—Fig. 3, is drawn parallel 
to the film border and passing through the 
most posterior prominence of the sacrum. 
This line may represent the diaphragm sur- 
face. To obtain the object-diaphragm sur- 
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a transparent arm containing a hair line to 
be pivoted at the proper point for cor- 
recting the magnification on the film image. 
The movable arm is first placed on the 
points of the scales showing object-film dis- 
tance and anode-film distance. A knurled 
khob over the pivot point is tightened 
and the arm is then swung over the scale 
marked 'measured dimension." The cor- 
rected (true) dimension is then read from 
the point of intersection of the hair line in 
the movable arm with the scale marked 
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To correct magnification, 
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All of these pelvic dimensions are in the 
median plane of the pelvis and consequently 
are located equal distances from the anode 
and film when the roentgenogram is ex- 
posed. In other words, the magnification 
factor is the same for all these dimensions. 
It Is necessary to 
know the object-film distance (the pelvic 
dimension is the object) and the anode-§lm 
distance. It is easy enough to select a con- 
venient anode-film distance. In our experi- 
ence a 36 inch anode-film distance has been 
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Fic. 6. A chart showing the volume of a sphere from either a circumference or diameter measurement. [t is 
convenient for translating a measurement of a sphere into units of volume. 


"true dimension." By the use of the nomo- 
gram, the correction of film-image mag- 
nifications can be done rapidly and without 
any mathematical computation. A chart 
(Fig. 6) on the board gives the volume of a 
sphere of known circumference or diameter 
so that the fetal head may be compared with 
pelvic diameters in terms of volume and 
volume capacity respectively. 

The pelvic dimensions (diameters) shown 
in Figure 3 may be defined as follows: 


A. Symphysis pubis to tip of sacrum. 

B. Symphysis pubis to sacral promontory. 

C. Sacral promontory to sacral tip. Vertical 
height of sacrum. 

D. Median anteroposterior diameter of the 
fore pelvis. Symphysis pubis to median 
plane of biischial spine diameter. 

E. Median anteroposterior diameter of the 
posterior pelvis. Sacral tip to median 
plane of biischial spine diameter. 

F. Symphysis pubis to third sacral segment. 

H. Sacral promontory to median plane of 
biischial tuberosities. 

Vertical height of pelvis. 

P. Symphysis pubis to median plane of 
biischial tuberosities. 

O. Sacral tip to median plane of biischial 
tuberosities. 


found to be verv satisfactory. The object- 
film distance will be the distance from the 
median plane of the pelvis to the film. 
Obviously this could be easily measured 
on the patient by taking one-half the bi- 
trochanteric diameter and adding it to the 
distance from the surface of the Potter- 
Buckv diaphragm to the film. Since it is not 
always convenient for the roentgenologist 
to make the bitrochanteric diameter meas- 
urement on the patient, the technician can 
take this measurement with the technique 
rule when the patient is posed for the lateral 
view, or can measure the distance from the 
center of the sacrum (the line of the spines 
of the sacral segrfents) to the diaphragm 
surface. i 

The distance of the median plane of the 
pelvis from the surface of the erect Potter- 
Bucky diaphragm (hereinafter called the 
"diaphragm surface") when the lateral view 
is exposed, can be estimated also from the 
anteroposterior view. In Figure 4, O is the 
distance from the inner border of one greater 
trochantef to the, other. With a 36 inch 
anode-film distance, 4 cm. should be added 
to the dimension O to obtain the approxi- 
mate bitrochanteric diameter of the patient. 
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Lateral roentgenogram of the pelvis taken 
with the obstetrical patient standing erect. The 
fetal head passes far down into the pelvis to the level 
of the ischial spines, showing at a glance that en- 
gagement occurs without difficulty. The lettered 
internal pelvic dimensions are measured and their 
magnification corrected (see text) to obtain the 
spatial relationship between the fetal head and pel- 
vis. All of the dimensions shown are in the median 
plane of the pelvis. 7/ is a line parallel to the film 
border passing through the most prominent pos- 
terior border of the sacrum and may be used to 
represent the Potter-Bucky diaphragm surface for 
obtaining the object-film distance which is neces- 
sary for correction of the transverse diameters 
shown in Figure 4 (see Fig. 7 and text). Not all of 
the dimensions indicated here are necessary for 
clinical pelvimetry at the present time. The report 
routinely includes B (anteroposterior diameter at 
the inlet), D (the median anteroposterior diameter 
of the fore pelvis, i.e., the distance from the plane 
of the ischial spines to the symphysis pubis), and 
E (the same diameter of the posterior pelvis, 1.e., 
from the plane of the ischial spines to the sacral 
tip). The other dimensions are useful for anthropo- 
logical study and statistical analysis. 


gram,’ used by the authors, has proved to 
be satisfactory for this purpose. It has 
four plotted scales and a central trans- 
fer axis (Fig. 5). The scales are printed on 


rigid board, while the transfer axis is re- 


placed by a slot in the board. This permits 
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ic. 4. Anteroposterior roentgenogram of the ob- 


stetrical patient taken standing. The fetal head lies 
in the center of the pelvis. The lettered transverse 
dimensions are defined in the text. At the present 
time only diameters L, A, N, and T are given in a 
routine pelvimetry report. // is a vertical line pass- 
ing 2 cm. lateral to the medial border of the greater 
trochanter when 36 inch anode-film distance is 
used and represents the table top for roentgeno- 
graphic mensuration. 
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Fic. 5. Photograph of a nomogram (calculator) used 


to correct for magnification of film image in ob- 
stetrical pelvicephalometry. See text. 
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most portion of the amniotic sac. About 95 
per cent are found in cephalic presentation. 
With this presentation, the most dependent 
part of the fetal cranium will lie nearly as 
low as the ischial spines in many cases. 
Others will show the fetal head dipping well 
ifito the pelvic inlet, except in a few in- 
stances. The exceptions are the ones most 
likely to have either soft tissue or bony dvs- 
tocia. Even though the fetal head is not 
dipping below the pelvic inlet, it should be 
found normally in the median plane of the 
abdomen as seen in the anteroposterior view 
and in the midcoronal plane of the pelvic 
inlet as seen in the lateral view. When the 
head is found displaced laterally or antero- 
posteriorly a distance equal to about one- 
third the diameter of the cranium and not 
dipping into the pelvic inlet, the presence 
of a soft tissue mass holding de head out of 
the pelvis is suggested. The mass could be 
an ovarian cyst, a fibroid, an overdistended 
urinary bladder or sigmoid and, most im- 
portant, it may be a low Dnplamtetiun of the 
placenta (placenta praevia‘). In multiple 
pregnancies or breech presentations, the 
presenting part will not necessarily be 
found normally in the median plane of the 
pelvis. 

During the exposure of roentgenograms 
taken in the manner described above, the 
fetal head and cardinal diameters of the pel- 
vis are very nearly the same distances from 
the anode and from the film, consequently 
the magnification factor is very nearly the 
same for the fetal head and transverse pel- 
vic diameters in the anteroposterior view as 
well as for the fetal head and the anteropos- 
terior diameters in the lateral view. This 
spatial relationship makes it possible to 
utilize the fetal head for a “yardstick” in es- 
timating fetal head-maternal pelvis ratio. 
The comparison can be made from flat films 
or stereoscopic roentgenograms. It is much 
preferable to have the fetal head shadow in 
close proximity to the pelvic diameters 
through which the fetus is to pass, as occurs 
in the erect position, rather than to make a 
stereoscopic comparison between the pelvis 
and the shadow of the fetal head lying high 
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as it does in the horizontal posture. As stat- 
ed previouslv, roentgenograms taken in the 
erect posture will permit this comparison in 
the majority of obstetrical cases examined 
in the last four to six weeks of pregnancy. 
Also observations on pelvic shape, promi- 
nence of the ischial spines and inclination 
of the sacrum can, of course, be made from 
the roentgenograms taken in the erect pos- 
ture. For classification of the pelvic inlet 
according to the scheme of Caldwell and 
Moloy?, a stereoscopic view as described 
above is necessary. 


MENSURATION 


Roentgenographic mensuration of the 
fetal head and maternal pelvis may be of 
practical clinical aid in some instances. Pel- 
vic measurements should not be overem- 
phasized since many factors enter into an 
obstetrical delivery. A relatively small fetal 
head in a large pelvis does not necessarily 
indicate an easy obstetrical delivery. Soft 
tissue dystocia, uterine inertia, malpresen- 
tation, and other factors may present a difh- 
cult obstetrical problem when the spatial 
relationship between the fetal head and ma- 
ternal pelvis shows that no bony dystocia 
is present. Nevertheless, a comparison of 
the size of the fetal head with the dimen- 
sions of the maternal pelvis in quantitative 
units may serve a useful purpose in statis- 
tical analyses. An analysis of a large series 
of patients may reveal factors not hereto- 
fore appreciated. A report of this type of 
analysis will be the subject of a subsequent 
paper. The method which has been used to 
compute the measttrements will be described 
in this report. ~ 

The roentgenograms taken in the antero- 
posterior and the lateral projection in the 
erect posture, as described above, are mark- 
ed with a china pencil in the manner shown 
in Figures 3 and 4. The pelvic diameters in 
Figure 3 are all in the midsagittal (median) 
plane of the pelvis. They have the same 
magnification fac tor for that reason. A com- 
putation of the magnification would be a 
laborious process unless one used some type 
of nomogram. A previously described nomo- 
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Fic. 1. Position of the patient for a lateral view of the 
pelvis in obstetrical roentgenography. The lower 
border of the film is on a level with the gluteofem- 
oral fold. The sacrum is about 1 inch inside the 
lateral border of the film. The central rays are di- 
rected through the posterosuperior border of the 
hip joint. It is well to have the anode up and turned 
anteriorly to obtain the “bell effect" of the tube 
through the thickest part of the pelvis. The photo- 
graph shows the anode up but turned in the wrong 
direction. 


lateral view, depending upon how pendu- 
lous the abdomen is or the quantity of amni- 
otic fluid present. 

To get a stereoscopic pair, a second 
roentgenogram may be made in the antero- 
posterior position witlf the tube shifted 
ehigher (3 inches for a 36 inch target-film 
distance). The first film, of course, 1s used 
for the measurements described below. If 
the abdomen is unusually pendulous or 
large, the second anteroposterior view in 
the erect posture can be omitted and 
stereoscopic roentgenograms taken with the 
patient supine. In the supine position, there 
will be less superimposed fluid and soft 
tissue present to interfere with good bone 
detail. 

Breech Presentation. In a breech presenta- 
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tion an additional roentgenogram is made 
in the anteroposterior and also in the lateral 
view with the patient standing. These views 
are not taken until after the usual roentgen- 
ograms of the pelvis are developed and in- 
spected, from which the level of the fetal 
head can be determined. The exposures @re 
then made with size 14 X 17 inch films 
placed with the long axis horizontal and the 
central ravs passing through the midcoro- 
nal and midsagittal planes of the body at 
the level of the fetal head. These exposures 
require about 85 kv. and 100 ma-sec., using 
"par speed” screens. 

A filter heavier than those ordinarily’used 
is desirable. We have found 5 mm. Al or 
0.12 mm. Cu (0.001 in.) satisfactory with 
very little increase in exposure time. 
INTERPRETATION OF THE ROENTGENOGRAM 

When roentgenograms are taken with the 
patient standing, the fetus lies in the lower- 





Fic. 2. Photograph showing the position of the pa- 
tient for the anteroposterior view of the pelvis in 
obstetrical roentgenography. The vertical Potter- 
Bucky diaphragm remains at the same height. The 
tube height is unchanged. The central rays pass 
through the pelvis about 1 inch above the symphy- 
sis pubis. A vertical shift is used for a second ex- 
posure to obtain stereoscopic films. 
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ROENTGENOGRAPHIC OBSTETRICAL PELVICEPHA- 
LOMETRY IN THE ERECT POSTURE* 


By ROBERT P. BALL, M.D., and ROSS GOLDEN, M.D. 


NEW YORK, NEW YORK 


A METHOD of roentgen pelvimetry and 
of fetal cephalometry was described 
by one of us (R.P.B.)*?? which involved the 
determination of the volume of the fetal 
head from circumference measurements 
taken from right angle (anteroposterior and 
lateral) views. For a time the films were 
taken with the patient horizontal on the 
Potttr-Bucky diaphragm table. For over 
five years the erect position has been used 
for this purpose in order to eliminate the 
possibility of a change in the relation of the 
uterus to the axis of the maternal body 
when the patient is turned from the antero- 
posterior to the lateral position. With the 
patient standing before an upright Potter- 
Bucky diaphragm the effect of gravity on 
the uterus and its contents is the same in 
both positions and the possibility of shift in 
the position of the fetal skull with the 
change in the position of the mother is 
eliminated. 

It is the purpose of this paper (1) to de- 
scribe the technique used in making the 
roentgenograms, and (2) to discuss their 
interpretation with particular reference to 
the quantitative relationship between the 
size of the fetal cranium and the maternal 
bony pelvis. 

Two interesting by-products of the erect 
position observed with cephalic presenta- 
tion which will be discussed below are (1) 
the "engagement" of the fetal head in the 
pelvic inlet through the pull of gravity, and 
(2) the displacement of the head by masses 
in the pelvis. 


TECHNIQUE 


Size*r4 X 17 inch films are used in a ver- 
tical Potter-Bucky diaphragm. The long 
axis of the films is placed horizontal for an- 
teroposterior views and vertical for the 


lateral view. A 36 inch anode-film distance 
is preferred, although other distances may 
be used. . 

Lateral View. The lateral view is taken 
first because of the convenience of external 
landmarks which can be used in alignment. 
The first step in this exposure is to align 
the patient with the film. The lower border 
of the film should be placed on a level 
with the gluteofemoral crease. The pos- 
terior border of the sacrum should be about 
1 inch inside the lateral border of the film 
(Fig. 1). The second step in the lateral 
view 1s to center the roentgen tube. The 
central rays should pass through the pos- 
terosuperior margin of the acetabulum. A 
convenient external landmark for this point 
is about 1 inch above the superior margin of 
the greater trochanter. For the average size 
patient about 85 kv. and 400 ma-sec. will be 
required, using “par speed" screens, to ob- 
tain a good quality roentgenogram. Accu- 
rate centering will result in the practical 
superimposition of one sacrosciatic notch 
upon the other. 

Anteroposterior View. For this view the 
height of the Potter-Bucky diaphragm and 
of the roentgen tube remain the same as for 
the lateral view. The patient turns at right 
angles to face the roentgen tube and is then 
placed with the midsagittal plane of the pel- 
vis in the medianeplane of the film. The 
roentgen tube should be moved horizon. 
tally so that the central rays will pass 
through the median plane of the pelvis. The 
central rays will pass very near the superior 
margin of the symphysis pubis in this pdsi- 
tion (Fig. 2). The average patient will re- 
quire 86 kv. and 200 ma-sec. exposure, 
using “par speed" screens, for good quality 
roentgenograms, but the exposure factors 
(ma-sec.) will be niore variable than in the 


* From the Department of Radiology of the Presbyterian Hospital and of the College of Physicians and Surgeons of Columbia Uni- 
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due to a local rather than to a general effect 
such as might result from a nutritional disturb- 
ance or a hypoproteinemia. In this connection I 
should like to show vou one case for which I am 
indebted to Dr. R. R. Newell of San Francisco. 
This patient had generalized amyloidosis and, 
at autopsy, amyloid deposits were present in 
the wall of the small intestine. The films showed 
a widening, coarsening and irregularity in the 
mucosal folds of the jejunum which is very simi- 
lar to that demonstrated by Major Krause in 
the above mentioned case. This, of course, does 
not prove that the amyloidosis of the wall was 
responsible for the abnormal appearance but it 
is highly suggestive. 

In addition to the scientific importance of 
these observations, Major Krause has helped 
the Army in getting some of these soldiers back 
to duty. He did not have time to bring out the 
fact that some of them were poor soldiers until 
the presence of real organic disease was demon- 
strated and proper treatment was instituted. I 
hope that Major Krause will have an oppor- 
tunity some time to correlate the roentgen find- 
ings in these cases with the histologic picture of 
the intestinal wall. 

These writers are to be congratulated on this 
important contribution. 


Mayor Krause (closing). I should like to 
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thank Major Pendergrass and Dr. Golden for 
their pertinent discussion. As Major Pender- 
grass brought out, those of us who have prac- 
ticed in the northern half of the United States 
have never had to worry about intestinal para- 
sites in our daily practice; but there are lots of 
northern boys in strange lands these days aed 
they may bring back unfamiliar illnesses. 

The question of the local action of the hook- 
worm cannot be denied. However, we were in- 
clined to minimize it somewhat, because with 
few exceptions, as in Figure 4, the changes were 
generalized throughout the small intestine. De. 
Strong, in his well known book on tropical dis- 
eases, indicates that almost all of the hook- 
worms are localized in a relatively short portion 
of the gastrointestinal tract, namely, the middle 
third of the small intestine. It was therefore a 
little difficult for us to attribute these changes 
to local factors, but such factors must be con- 
sidered and probably do form a part of the 
picture. 

I was unable to have total serum protein de- 
terminations done, but no patient had edema 
and only three had red blood cell counts under 
two and one-half million. Only a handful of 
them were under three and one-half million. 
Otherwise all the rest of the patients had a high 
enough red cell count to eliminate clinically the 
probability of hypoproteinemia. 


DP a 


* VoL. 49, No. 6 


3. Kantor, J. L. Roentgen diagnosis of idiopathic 
steatorrhea and allied conditions. Aw. J. 
ROENTGENOL. & Rap. THERAPY, 1939, 41, 758— 
778. 

4. MackiE, T. T., and Pounp, R. E. Changes in 
gastro-intestinal tract in deficiency states, with 
special reference to small intestine. 7. 4m. M. 

© 755.,1935, 104, 613-618. 

5. Mackie, T. T., Mitter, D. K., and Ruoaps, 
C. P. Sprue; roentgenologic changes in small 
intestine. dm. J. Trop. Med., 1935, 15, 571-589. 

6. PENDERGnass, E. P., and Comrog, B. I. Roentgen 
study of gastrointestinal tract in chronic idio- 
pathic adult tetany. Am. J. RoENTGENOL. & 


AJ... 


J 
— 
€ 
m 
PA 
J 
m 
2 
C 
x 
> 
uw 
n 
vV 
Á 
Ad 
> 
< 
T 
— 
Zz 
— 
Un 
— 
© 
"e 
2 
Ln 
= 
d 


testine. 11. The effect of foods and various path- 
ologic states on the gastric emptying and the 
small intestinal pattern. Radiology, 1936, 26, 
651-662. 

8. SNELL, A. M., and Camp, J. D. Chronic idiopathic 
steatorrhea; roentgenologic observations. Arch. 
Int. Med., 1934, 5}, 61 5-629. 

9. SNELL, A. M. Tropical and nontropical sprue 
(chronic idiopathic steatorrhea); their probable 
interrelationship. Ann. Int. Med., 1939, 72, 
1632-1671. 


DISCUSSION 


Mayor Rosert C. PENDERGRASS, White Sul- 
phur Springs, W. Va. I am delighted to have 
heard the presentation this morning, because 
since 1928 I have practiced radiology in a sec- 
tion where hookworm infestation is severe and 
during all these years I have missed the really 
significant changes occurring in these cases. We 
have observed in a great many of these cases 
marked irritability with reflux of the barium 
stream into the duodenum, but, un fortunately, 
no attention was paid to the small bowel pat- 
tern. I trust that this paper will not simply go 
on record as adding another causative factor to 
the deficiency pattern in the small bowel, but 
that it will be regarded as of clinical importance. 

We have for a number of years in the South 
seen patients with vague abdominal complaints 
who have been diagnosed everything from pep- 
tic ulcer to chronic appendicitis, in whom hook- 
worm has been found and whose symptoms 
have clfared up following treatment. With an- 
other sign of possible hookworm infestation 
added to our roentgenographic armamentar- 
ium, we should certainly bear in mind, when we 
see this pattern, that the patient may have such 
an infestation. 

I should like to add one other brief remark. 
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Major Krause stated that as a rule the ova dis- 
appear within six or seven years after the last 
infestation. We know from clinical experience 
that that is not always true and I have seen ova 
in adults as old as forty and forty-five vears 
with symptoms of hookworm infestation. 

There is one other point I should like to men- 
tion and that is that since Necator americanus 
inhabits chiefly the jejunum, we may begin to 
see within the next few years the tropical type of 
hookworm, since our troops are going into all 
sorts of climates and into all sorts of locations 
and some of these men may come back with 
infestation with the tropical type of hookworm, 
and it may be that then we will see roentgeno- 
logical manifestations of disturbance of the 
duodenum rather than the jejunum. 

| certainly wish to commend Major Krause 
for his careful study. It requires unusual zeal to 
carry out such a detailed investigation in addi- 
tion to the routine work required in a large 
Army hospital. 


Dr. Ross GorpEN, New York, N. Y. We are 
to be congratulated on the opportunity to hear 
this excellent presentation. It is important, not 
only because Major Krause has shown that 
disturbances in the intestine caused by hook- 
worm may be demonstrated by roentgenologic 
methods, but because further study may throw 
additional light on the mechanism of other in- 
testinal disturbances. To this end it would be 
interesting to have information about the exact 
nature of the local lesions at the site of attach- 
ment of the worms to the wall. Major Krause, if 
| understood his statement correctly, was in- 
clined to question whether there was a local 
disturbance due to the presence of the worm. It 
seems possible to me that there may be two fac- 
tors concerned in this, one of which is local and 
the other general, such as a nutritional disturb- 
ance. Major Krause was not able to have serum 
protein examinations made in these cases but? 
we know that a hypoproteinemia may be asso- 
ciated with severe anemia such as some of these 
patients had and that is one thing which can 
cause a profound disturbance in intestinal 
physiology. 

In regard to the possibility of a local disturb- 
ance, his first slide showed a case in which there 
was only one loop of jejunum which was abnor- 
mal, and in that thé mucosal folds were defi- 
nitely widened and coarsened in marked con- 
trast to the appearance of the other loops. That 
to me would suggest the possibility that it was 
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whether straight or converging, and of the 
subpubic arch, 1.e., whether wide or narrow 
and whether the top is rounded or sharp. 
The description of the shape of the sub- 
pubic arch is based largely on a roentgen- 
ogram taken with the tube angled 4; 
degrees upward through the pubis, as 
described by Caldwell, Moloy and Swenson;' 
the width of the base of this arch is reflected 
in the subpubic arch measurement, which, 
however, does not indicate the character of 
its top. The measurements of the inlet bv 
themseives do not necessarily indicate its 
ability to transmit the fetal head but must 
be cénsidered in conjunction with its shape; 
a small well rounded inlet (gvnecoid type) 
may give no trouble while if the widest 
point of the inlet is placed farther back 
toward the sacrum (android tvpe) great 
diffculty in engagement may be encoun- 
tered. 

The practical clinical application. of 
quantitative studies of the pelvis and fetal 
head has been found useful. In any pelvis, 
the obstetrical conjugate B (Fig. 3) or the 
biischial spine diameter A (Fig. 4) will be 
the smallest internal pelvic diameter. How- 
ever, In rare instances, these two diameters 
may be very nearly equal. If the mean cir- 
cumference measurement of the fetal head 
plus scalp is translated into units of volume, 
milliliters, it can be compared to the vol- 
ume capacity of one of these internal pelvic 
diameters, 1.e., to the volume of the largest 
sphere which could pass through. (See 
Figure 6 for comparison of volume of a 
sphere determined from circumference 
measurements and from diameter measure- 
neents.) When the volume of the fetal head 
is less than the volume capacity of either of 
these diameters, there is no bony dispropor- 
tion present. The volume of the fetal head 
can be larger than the volume capacity of 
either diameter without necessarily signi- 
fying fhe presence of important bony dis- 
proportion provided (1) that moulding of 
sufficient degree can occur thus reducing 
the size of the head in the direction of the 
narrow diameter, or (2) that compensatory 
space 1s present so that the widest portion 
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of the fetal head does not have to pass 
through the narrowest diameter of the 
pelvis. Because of the variables involved 
namelv (1) uterine force, (2) moulding, and 
(3) amount of compensatory space, arbi- 
trary limits cannot be set. In general, how- 
ever, the smaller the pelvis and the greater 
the difference between the volume of the 
fetal head and the volume capacity of ghe 
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Fic. 9. A diagram showing the average in centimeters 
of the internal pelvic dimensions of 349 obstetrical 
patients. This diagram is useful for comparing any 
particular pelvis with an average. This type of dia- 
gram drawn to scale may be included in an ob- 
stetrical report to illustrate better the anatomical 
characteristics of the pelvis. At the present time 
our written reports include B, L, A, T, D, and E; 
the measurement “in Figure 4 is rot indicated on 
this diagram. é 


smallest pelvic dimension, the greater is 
the danger of serious difficultv in delivery 
and the more skill required of the obste- 
trician. 

The presence or absence cf compensatory 
space can be ascertained by inspection of 
the rcentf£enograms, particularly in the 
stereoscopic views, or may be indicated by 
the measurements of other pelvic dimen- 
sions at the same approximate level. The 
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purpose, of course, is to obtain an idea of 
the cross section area. Reference to the 
average dimensions of certain internal pel- 
vic diameters will quickly disclose wherein 
any particular pelvis differs from the aver- 
age. Figure 9 is a diagrammatic represen- 
tation of the average dimensions of 349 
obstetrical patients examined in the De- 
partment of Radiology of the Presbyterian 
Hospital in New York City. In Figure 9, 
it will be noted that transverse dimensions 
are placed in such a manner as to be inter- 
sected by the median plane. This is merely 
a convenient manner of disclosing graph- 
ically certain anatomical characteristics of 
the pelvis. At the first inspection, the dia- 
gram may not have much meaning but, 
when one attempts to visualize the position 
and relative size of the transverse dimen- 
sions in relation to those in the median 
plane shown in the lateral view, it will ap- 
pear logical. This type of diagram has been 
used in our reports and conveys both the 
actual pelvic dimensions drawn to scale and 
certain anatomical characteristics of the 
pelvis. 

Pelvic diameters of no immediate clinical 
importance are of significance for anthro- 
pological studies and for statistical analysis. 
Indices may be obtained from certain di- 
mensions which reflect pelvic shape and 
capacity. For example, an index can be 
obtained from the biischial spine diame- 
ter (A) and the sagittal diameter of the 
fore pelvis (D), called the D/K index. Let D 
(Fig. 3) be the numerator and K (Fig. 4) be 
the ceca of a fraction and multiply 
the result by 100. This tepresents a hori- 
zontal (with the patient erect) cross section 
of the pelvis at the level of the ischial spines 
with K as the base and D as the altitude 
of an elliptical periphery. Obviously an 
index of over 100 is produced when the 
altitude (anteroposterior diameter of fore 
pelvis) is greater than the base (inter- 
spinous diameter) of this cross section, and 
conversely an index of less tlfan 100 is 
produced when the base is greater than the 
altitude. In a large series of obstetrical 
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patients, the D/A index was found to aver- 
age from 80 to 85. Ina series of male pelves, 
the average D/K index was close to 96. 
A statistical analvsis of pelvic dimensions 
and certain indices, correlated with fetal 
head size, pelvic tvpe and the function of 
childbirth will be the subject of a subst- 
quent report. 


SUMMARY 


The erect position has definite advan- 
tages for pelvicephalometrv. Gravity does 
not change the position of the uterus when 
the patient turns from the anteroposterior 
to the lateral positions as it does when she 
is horizontal and hence true right angle 
views of the fetal head are obtained. In 
cephalic presentation, the fetal head will 
assume the lowermost position possible and 
is often found lying deep in the pelvis, 
showing that engagement takes place with- 
out difficulty. Failure of the head to dip 
into the pelvis and lateral displacement 
from the middle of the pelvis in the antero- 
posterior view, when the patient is near 
term, suggest the presence of a mass of some 
sort in the pelvis, possibly placenta praevia. 

A method of mensuration of the maternal 
pelvis and fetal head, from roentgenograms 
taken in the erect posture, is described and 
certain pelvic dimensions are defined which 
are of importance for statistical analysis 
and for practical clinical purposes. 

A diagram from the lateral projection to 
scale may serve a twofold purpose in re- 
porting obstetrical cases. First, it gives a 
graphic representation of the particular 
pelvis and second, it permits a comparison 
with a normal average. In making a cone- 
parison it graphically discloses wherein a 
particular pelvis differs from another and 
shows the presence or absence of compen- 
satory space in borderline cases. 

Arbitrary limits of safety in pelvic di- 
mensions cannot be set because of th vari- 
ables involved in the function of childbirth 
(uterine force, amount of moulding, avail- 
ability of compensatory space). As a gen- 
eral principle, however, it can be stated 
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ANALYSIS OF ROENTGEN PELVIMETRY BY THE 
JOHNSON STEREOROENTGENOMETER 
IN 379 CASES 


y J. N. ANÉ, M.D., 


and LEON J. MENVILLE, M.D. 
"s 1510n of a on Dapaitinen of Medicine, Tulane University 


NEW ORLEANS, LOUISIANA 


W 1927, Johnson? described a practical 

method of stereoroentgenometry, simi- 
lar in principle to the Mackenzie Davidson? 
method of opaque foreign body measure. 
ment and the Manges‘ modification of this 
original method for roentgen pelvimetry. 
As the result of subsequent improvements 
by Johnson,°:* this method is now accepted 
as one of the most popular and accurate 
methods of roentgen pelvimetry in use. 

[t was believed that it would be of inter- 


est to determine the average diameters of 


TABLE I 


AVERAGE PELVIC DIAMETERS 











Cases of 
Casas Normal 
Measured | Deliveries 
| Reported 
Number of Cases | 450 290 
Inlet: | 
Anteroposterior (true 
conjugate) 11.88 cm [1.82 em. 
Transverse 13.56 cm 13.65 cm. 
Right oblique | 12.92 cm 13.05 em. 
Left oblique 12.92 cm 13.06 cm. 
Mid-plane (plane of least | 
pelvic diameters): 
$ 
Anteroposterior | II.41 Gn. | 11.73 em. 
e l ransverse (interspinous) | 10.30 cm. | 10.44 cm. 
Posterior sagittal | 4.03cm. | 4.34 cm. 
Outlet: 
Anteroposterior (to tip of 
sacrum) II.A4I Ch | 12.73 cm, 
Anteroposterior (to tip of | 
coccyx) 9.51 cm. 9.52 cm. 
lransverse | 11.15 em. | 11.51 cm. 
C] 9 i " 
Posterior sagittal 7.09 cm.) 7.47 cm 
Fetal skull: 
l'ronto-occipital 11.22 em. | 11,30 em. 
Suboccipitobregmatic 5.91 


cm. 9.41 cm. 
E 
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the pelvis and also to attempt to analyze 
the contracted diameters and the plane or 
planes in which they existed when correlat- 
ed with the clinical course of the pregnan- 
cles. 

This study includes the measurenjents 
of the pelvic diameters obtained in 450 con- 
secutive obstetrical patients. With few ex- 
ceptions, these individuals were primiparas. 
The principle of this method and the de- 
tails of the technique have been described 
by Johnson.’ 

The average diameters of the 450 cases 
studied are shown in Table 1. It will be 
noted that the averages obtained for this 
group of cases agree closely with those of 
Williams and of DeLee, with the exception 
of the true conjugate which is somewhat 
greater than the 11 cm. considered by these 
authors as normal. This consistent increase 
of the true conjugate of the pelvic inlet as 
determined by roentgen-ray measurements 
over clinical measurements has been noted 
by Rappaport and Scadron.^ 

[t may be noted in Table 11 that of the 
450 cases, 241, or 53.5 per cent, had pelvic 
diameters which were considered normal; 
130, or 28.9 per cent, showed contraction in 
one or more diameters of from § to 10 mm.; 
and 79 cases, or 17.5 per cent, showed 
shortening in one or more diameters of mdre 
than 10 mm. 

[n an effort to correlate the value of this 
method of roentgen pelvimetry with clini- 
cal results , reports of the subsequent courses 
of the pregnancies were requested from 
the obstetricians referring the patients. In 
this manner it was possible to obtain infor- 
mation relative to the tvpes of deliveries in 

79 patients. 

Analvsis of the pelvic diameters obtained 

by stereoroentgenometry in these 379 cases 
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Tase II 
CLASSIFICATION OF CASES 
450 Cases Measured 379 Cases Reported 
Groups "ue : 
ane No. of p No. of p 
r cen r cen 
E cases adios cases SE PUR 
Normal diameters 241 PT 216 56.9 
"-— uu (— 
Cases in which one or more diameters were con- 
tracted from 5 to 10 mm. I 30 28.9 95 25,1 
Cases in which one or more diameters were con- 
tracted more than 10 mm. 79 | 7.2 68 17.9 








(Table i1) showed that in 216, or 56.9 per 
cent, all diameters were normal or greater 
than the accepted average diameters; in 
95 patients, Or 25.1 per cent, one or more 
diameters were shortened from 5 to 10 mm.; 
and in 68 cases, or 17.9 per cent, diameters 
were contracted over 10 mm. 


TABLE III 










































































SUMMARY OF REPORTED CASES 
| : ar i 
Sections 
| | and 
| Forceps | 
| De- f " n ; 
E m Corrected Normal Ce- | Forceps 
Classification of ae - No. of De- sarean De- 
C Cases for In- C Tue R | |veri 
Acpac . . P 7 o - 
ases Reported | dications ases | iveries jec iveries 
Other tions 
than | 
| Dispro- 
. | 
portion 
Normal measurements | 216 I1 205 203 | I I 
Per cent 99.0% | 0.4900! 0.49% 
uA m. mcm. died "c "a oo 
Cases in which one or more 
diameters were contracted 
from § to IO mm. | 95 4 9I 73 3 8 
Per cent 80.2% | 3.3% | 8.8% 
Cases in which one or more | | 
diametegs were contracted | | | 
more than 10 mm. | 68 | 2 66 | 14 | 47 4 
Per cent | 21.2% | 71.2% | 6.0% 
poor — m€— e. — 
Total 379 17 290 £1 * 
Per cent (all cases) | | 4:5 | 26. 8 | 13-4 we 














Table 11 is asummary of the three groups 
of cases and the types of deliveries which 
occurred. Two hundred and ninety, or 76.5 
per cent, of the entire group of 379 patients 
delivered normally. Seventy-two, or 18.9 
per cent, had abnormal deliveries because 
of pelvic contraction or bony disproportion. 
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Of these 72, 51, or 13.4 per cent, had cesar- 
ean sections; 13, or 3.4 per cent, had high 
or mid forceps deliveries; 7, or 1.8 per cent, 
had prolonged or difficult labors due to pel- 
vic contraction; and in one case an early 
induction of labor was performed. The re- 
maining 17 cases of this group had cesarean 
sections or forceps deliveries for indications 
other than bony disproportion. The average 
pelvic diameters of the 290 patients who 
had normal deliveries are shown in Table 1. 

Table iv isastudy of the 216 patients who 
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the outlet 11.4 cm., interspinous 10.5 cm.) 
and the fetal skull measured 11.9 cm. in 
fronto-occipital diameter and 9.7 cm. in 
the suboccipitobregmatic diameter several 
weeks before delivery. If the 9 patients de- 
livered bv cesarean section and the 2 by for- 
ceps for indications other than bony disprfo- 
portion are excluded from this group, there 
remain 205 patients with normal measure- 
ments, of which 203, or 99.0 per cent, de- 
livered normally and 2, or 1 per cent, had 
abnormal deliveries. Therefore, it would 




















Taste IV 
e 
CASES IN WHICH THE PELVIC DIAMETERS WERE FOUND NORMAL 
OR GREATER THAN AVERAGE 
Sections and Forceps Deliveries for Indica- 
tions Other than Disproportion | 

i - - — — Cor- | Normal | Forceps Ce- 
No. of . ' l " 
C l'orceps Cesarean sections rected De- De- sarean 

ases " th Age e 

R á pp — No. of | liveries | liveries | Sections 

eportec ` | 

| TECUM Brow Rupture | Cervical PI Cases 

ste ; VICA acenta 
"ve presenta- of mide e | 
sition | dystocia )revia | 
tion uterus ann pu 
216 2 I l I 205 203 I I 
— M -— TP - reu e) —-— = 
Per cent 


had normal or greater than average meas- 
ured diameters as determined by stereo- 
roentgen pelvimetry. Of these, 203 delivered 
normally. Episiotomies and low forceps de- 
liveries were considered normal for this 
study and are therefore included in this 
group, which, as was previously mentioned, 
consisted of primiparas with few exceptions. 
Three patients had forceps deliveries: 2 for 
indications other than Bony disproportion, 
end in the remaining case an 8 pound, 4 
ounce baby was delivered from a pelvis of 
average diameters (the fronto-occipital di- 
ameter of the skull measured 11.8 cm. sev- 
eral weeks before delivery). Ten cases were 
delivered by cesarean section: 1 because of 
placenta previa, 1 because of brow presen- 
tation, 1 because of rupture of the uterus, 
6 because of cervical dystocia, and 1 because 
of apparent bony disproportion. The pelvic 
diameters of this last patient were not great- 
er than the average (i.e., anteroposterior of 


A 


99.0 O.49 | O.49 


appear that if the diametersobtained by the 
Johnson method of stereoroentgenometry 
are found to be normal, the accuracy of this 
method in the determination should be a- 
bout 99 per cent. 

Table v is an analysis of the 95 patients 
who had one or more diameters shortened 
from 5 to 10 mm. The contracted diameters 
are listed to the left of the table. As would 
be expected in this group, in many cases 
there was sufficient increase in one or mote 
of the other diameters to compensate for the 
moderately contracted diameter or diam- 
eters. Seventv-three patients, or 80.2 per 
cent, delivered normally; 3 cases, or 3.3 per 
cent, had cesarean section; 8, or 8.8 per 
cent, were delivered by forceps; 6, or 6.6 
per cent, had unusually prolonged and diff- 
cult labor; and 1 had an early induction of 
labor. There were 3 cesarean sections and 
I forceps delivery in this group for indica- 
tions other than bony disproportion. 
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TABLE V 


CASES IN WHICH ONE OR MORE DIAMETERS WERE CONTRACTED FROM 5 TO IO MM. 




































































Plane of Pelvis in Which Contraction Indicated Because ^S MM oh 
2d nie i ther than 
Existed of Disproportion Disproportion 
— " — — C KE 
Nor- | Diffi- | | | 
| | No. | mal | cult | Sec- | For- Earl Y| Sec- For- 
Inlet Mid-plane Outlet Po " BN : | induc-  ,: 
cases | deliv- | deliv-| tion | ceps tion ce@ps 
| ries | eries | | ao | 
Paks Normal Normal | | 
A.P. Trans. Normal I | I 
AF AP. A.P. 3 3 
Trans. Normal Normal 4 4 | 
Trans., R.O., | | 
LU. Normal Normal 2 | 
Transe RO. 
LW): AF. A.P. 2 | I 
Trans., R.O. | A.P., Trans. | A.P., Trans. 2 | 
Trans, RO. 
L.O. Trans. Trans. | I 
Trans. R.O. | Trans. Trans. 3 2 I 
Trans. Trans. Trans. (0101 7 = | 
Trans. A.P. Trans. | A.P., Trans. 2 l l 
Trans. A.P., Trans. | A.P. l l 
Trans. | AF. A.P. l 4 4 l 
Trans. A.P. A.P., Trans. 3 3 
Trans. Trans. Normal 6 5 
RO- LO. A.P., Trans. | A.P., Trans. I I 
Trans. Normal Trans. | | 
RI LO. | Normal | Normal | 
RO. LI. Normal Trans. | 
RO. Trans. Trans. | | 
L4. | A.P. A.P. 2. | 2 | 
La. A.P., Trans. | A.P., Trans. 3 2 I | 
Normal A.P. Trans. | A.P. 6 | a4 | 
Normal A.P. Iratis. | A.P., Trains. 2 2 
Normal A.P. A.P. I1 L1 | 
Normal A.P. A.P., Trans. 2 2 
Normal Trans. Normal 7 6 I 
Normal Trans. Trans. 8 5 2 l | 
Normal Normal Trans. 3 3 | H | 
Total (all cases) 95 73 6 3 8 l 3 | l æ 
Total (excluding sections and forceps deliv- 
ery for indications other than dispropor- | | | 
tion) 91 73 6 | 3 8 | 
Percentage | 80.2} 6.6] 3.3 8.8 | 1.6 [ o w- 














A.P. =anteroposterior; Trans. ^ transverse; R.O. — right oblique; L.O. =left oblique. 
, $ | na 3 


In Table vi are included the 68 patients than 10 mm. The contracted diameters are 
in whom pelvimetry revealed one or more listed in the three columns to the left of the 
diameters shortened or contracted more table. It will be noted that 47 patients, or 
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TABLE VI 


CASES IN WHICH ONE OR MORE DIAMETERS WERE CONTRACTED MORE THAN IO MM. 









































































































































Plane of Pelvis in Which Contraction Indicated Because p 
Existed of Disproportion Dispiapostion 
= ——— | : eens NU —— 
Nor- | Diffi- | P 
Inlet Mid-plane Outlet m um ^ n Us | id Section | enc 
: : cases | deliv- | deliv-| tion | ceps fis "T ceps 
ery | ery 
A.P. AJ. A.P. I I 
A.P., Trans., 
ROLO, A.P. "Trans: | AF Trans I l 
AP. Trais, 
RO. LO, A.P. A.P. I | 4 s 
A.P. Trans | AP. Trans: | A.P., Trans 2 | 2 
A.P., R.O. 
mes A.P. AP 2 
A.P. AJ. Trans: | AP. Trang 2 2 
A.P., Trans. | Trans. Trans. I | I 
Trans, RO. 
LO, A.P. AP; | I 
Trans, R.Q., | | 
LE. A.P. A.P. Trans. I I | 
Trais; RO, | | | 
LA A.P. Trans, | A.P., Trans. 5 2 | 4 l 
Trans RO 
LO. AP. Trans | AP, l l 
Trans, RO., 
I.E) Trans. Trans. 3 5 
Trans., R.O. | Trans. Trans. I D | 
Trans., LO: | A.P., Trans. | A.P., Trans. 2 I | 
Trans., L.O. | Trans. Normal I I 
Trans. A.P., Trans. | A.P., Trans. 5 4 1 | 
Trans. Trans. Trans. 7 6 1 | 
Trans. Trans. Normal |] | 
Trans. A.P. Trang. | A.P. 2 2 
Trans. Ak A.P, 2 I l 
Trans. RO. | A.P. A.P. I l 
ROLO: A.P. AE. 2 2 
R.O. A.P. A.P. I I 
LO. A.P. A.P. I I 
R.O. Trans. Trans. 2 sl 
REL LAI AP, A.P., Trans. I I e 
Normal A.P. Trans. | A.P. I l 
Normal A.P., Trans. | A.P., Trans: 2 2 
Normal Trans. Trans. 6 5 1 
Normal AP. A.P. Fi 7 
Normal A.P. A.P., Trans. 2 I I 
Total (all cases) | 68 14 I 47 4 | O 2 ? 
Total (excluding sections for indicatjons | 
other than disproportion) | 66 I4 | 1 47 4 
Percentage | | 21 a » | 71.2) 65.0 | 


—— 





A.P. =anteroposterior; Trans. =transverse; R.O. =right oblique; L.O. =left oblique. 
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71.2 per cent, were delivered by cesarean 
section and that 4, or 6.0 per cent, had de- 
liveries by forceps. Fourteen, or 21.2 per 
cent, delivered normally while 1 case had a 
prolonged and difficult labor. Two patients 
were delivered by cesarean section for in- 
@ications other than pelvic contracture. It 
is of interest that this group includes 7 
cases with contraction of over 10 mm. of the 
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tion of the interspinous diameter of over 
Io mm., only 3, or 6.6 per cent, delivered 
normally. Thirty-eight, or 84.4 per cent, 
were delivered by cesarean section while 3 
patients, or 6.6 per cent, had forceps de- 
liveries. 

For the purpose of pelvimetry the pelvis 
mav be divided into three planes. These are 
the inlet or superior strait, the mid-plane or 


Cuanr I. Results in cases in which one or more diameters were contracted more than 10 mm. 


anteroposterior diameters of the mid-plane 
and outlet onlv. This diameter is measured 
from the tip of the sacrum to the inferior 
symphvsis pubis and serves as the antero- 
posterior diameter of both planes. In each 
one of the 7 cases the other diameters of the 

elvis were normal or above the average 
and each of the 7 cases delivered normally. 
However, when the contraction of this di- 
ameter was complicated by the shortening 
of one or more of the other diameters, ab- 
normal delivery resulted in the great ma- 
jority, of the cases. The final results of the 
pregnancies in this group are shown dia- 
grammatically in Chart 1. 

This study has emphasized the impor- 
tance of the interspinous or transverse di- 
ameter of the mid-plane in pelvimetry 
(Chart 11). Of the 45 patients with contrac- 


plane of least pelvic diameters, and the out- 
let or inferior strait. The following diame- 
ters were measured: 


Inlet: 

Anteroposterior: Measured from the sacral 
promontorvy,to the superior symphysis 
pubis. 

Transverse: Measured across the greates 
width of the pelvic brim at right angles 
to the true conjugate. 

Right Oblique: Measured from the right 
sacroiliac articulation at the pelvic brim 
to the left iliopectineal eminence. 

[eft Oblique: Measured from the left 
sacroiliac articulation at the pelvic brim 
to the right iliopectineal eminence. 

Mid-plane: 

Anteroposterior: Measured from the tip 
of the sacrum to the inferior symphysis 
pubis. 
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Transverse: Measured between the ischial 
spines. 

Posterior Sagittal: Measured from the tip 
of the sacrum to the center of the inter- 
spinous diameter. 


Outlet: 


Anteroposterior to the Sacrum: Measured 
from the tip of the sacrum to the infe- 
rior symphysis pubis. 

Anteroposterior to the Coccyx: Measured 
from the tip of the coccyx to the infe- 
rior symphysis pubis. 
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make any mathematical statement regard- 
ing the relation of the posterior sagittal of 
the mid-plane to the interspinous diameter. 

No attempt has been made in this study 
to obtain postpartum measurements of the 
fetal skull in each case. However, the di- 
ameters of the skull are routinely measuretl 
at the time roentgen pelvimetry is done, 
which is ordinarily about two weeks before 
the expected date of delivery. In less than 
5 per cent of cases fetal movement has pre- 
vented accurate measurements of the fetal 
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CuanT II. Results in cases in which the interspinous diameters (mid-plane) 
were contracted more than 10 mm. 


Transverse: Measured between the ischial 
tuberosities. 

Posterior Sagittal: Measured from the tip 
of the sacrum to the mid-point of the 
transverse diameter, 


, Measurements of the posterior sagittal 
diameters of the mid-plane and outlet have 
been made routinelv for a shorter period 
and we have not attempted to evaluate 
these diameters in this series of cases. How- 
ever, in the cases followed we are in agree- 
ment with Johnson that when the sum of 
the posterior sagittal and the transverse di- 
ameters of the outlet is 17 cm. or more little 
or no difficulty should be expected from dis- 
proportion. We are unable at this time to 


skull. This has been found especially true 
in breech presentations. It is believed that 
the factor of fetal movement would inter- 
fere with fetal skull measurements by any 
technique or method emploved but that the 
evidence of such movement is better obe 
served on films viewed stereoscopicallv. In 
a small series of cases in which head meas- 
urements were obtained after delivery, the 
accuracy of the method proved highly sat- 
isfactory. 

One of the important advantages of 
stereoroentgenometry is the stereoscopic 
visualization of the relationship of the fe- 
tal skull to the bony pelvis. Very much val- 
uable information can be obtained from 
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ROENTGENOLOGIC LOCALIZATION OF THE 
PLACENTA WITHOUT CONTRAST MEDIA* 


By R. MANGES SMITH, M.D. 


PHILADELPHIA, 


i | 'HE purpose of this presentation is to 


describe a roentgenologic method of 


determining the position of the placenta 
wfthout administering or utilizing opaque 
media. I am led to believe that such knowl- 
edge of placental location is often of value 
to the obstetrician, and presume if the in- 
formation can be secured without disturb- 
ance to the mother or fetus that such would 
be additionally desirable. 


It has been the general understanding of 


roentgenologists and clinicians that the 
soft tissue of the uterus and of the secun- 
dines cannot be visualized by the ordinary 
methods of roentgen studv. For this reason, 
various tvpes of opaque medium and var- 
ious methods of their introduction have 
been employed during the past twenty-five 
vears. This work was first inaugurated bv 
Carey, who, in 1914, published a short pre- 
liminary note on the determination of pa- 
tency of the fallopian tubes by the use of 
collargol. This article was followed, in a 
short time, by a very complete report of 
roentgen diagnosis in gynecology with the 
aid of intrauterine collargol by Rubin, in 
1915. Whether these two made the first 
attempt to demonstrate the contours of 
the uterus by opaque media is open to some 
conjecture, although their publications 
were certainly the first to appear in the 
literature. In 1912, Le,Lorier made intra- 
uterine injections of electrargol i in order to 
determine the patency of the tubes, and 
presented his work at the Congress of 
Lille, in 1915, but did not publish it Early 
work in this field was also done in Pozzi's 
Clinic by Dernier. Dernier used collargol 
and the patient developed peritonitis. 
After this untoward reaction the method 
was discontinued at Pozzi's adyice. 
Following these pioneer efforts in visual- 
ization of the uterus and tubes, there 
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occurred a rapid development both,in 
method and in media. First to employ 
lipiodol in this field was Carlos Heuser, of 
Buenos Aires. Heuser applied this method 
of study to the diagnosis of pregnancy, 
having the temerity to inject lipiodol so- 
lution through the cervix into the pregnant 
uterus. He affirmed that this method 
studv had provoked no disturbance ef the 
pregnancy and that by means of it he was 
able to outline the peculiar contours of the 
implanted ovum. Those who undertook to 
follow his suggestions discovered, however, 
that the production of miscarriage was very 
common. Miller and Martinez reported 3 
cases of abortion among 15 cases which 
were studied by the Heuser method. As a 
result of these cases, the injection of media 
through the cervical channel during preg- 
nancv was abandoned. 

The next step in the historv of this field 
of roentgenology occurred when Menees, 
Miller and Hollv reported a series of cases 
in which they had injected a radiopaque 
solution through the abdominal wall into 
the amniotic cavitv, bv means of which the 
outline of the fetus and the contour of the 
placenta were made visible; in fact, so 
effective was the contrast medium that in 
many instances thev were able to determine 
the loops of cord around the neck, and the 
sex of the fetus. For purposes of their studv 
some IO to I5 cc. of a I to 1 solution,of 
U.S.P. strontium iodine solution in water 
was used. Thev reported 21 cases with no 
injuries or toxic effects in the mother. In 
one instance a low implanted placenta was 
perforated and the patient started in labor. 
Thev suggested that the method would be 
of valuein the diagnosis of placenta praevia. 
This method of examination was tried out 
by several other clinics with less favorable 
results than had been reported by the orig- 


* From the Department of Roentgenology, Jefferson Medicai College Hospital. 
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such a study as shown by Caldwell and 
Moloy.'? The study and classification of the 
pelvic type correlated with the study of the 
diameters obtained by stereoroentgen pel- 
vimetry offers information of the greatest 
value to the obstetrician. 


Analysis of Roentgen Pelvimetry 


to 
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thelial structure. For this reason it finds 
its way rapidly into the placenta and there 
casts a very decided shadow upon the 
roentgenogram. Thus far the method has 
not been acceptable for use in the human 
being, and has been limited to animal ex- 
perimentation, for 1t has been found that 
the presence of the opaque medium in the 
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roentgenologv alone, the method was an 
entire success. Obstetrically, however, the 
method proved exceedingly dangerous. In 
one instance in which sodium iodide was 
used through error, the fetus immediately 
succumbed. In several instances the surface 
of the fetal body was traumatized by the 
injection needle and in the majoritv of cases 





Fic. 1. Placenta praevia. Note absence of placental shadow in lateral view, and upward displacement of fetal 
head in anteroposterior view. 


placental structure interferes with the 
vitality and intrauterine life of the fetus, 
and in most experimental animals the 
fetus has eventually died in utero. 

My interest in the problem of placental 
localization dates from the period of amni- 
ography and started with studies which the 
Obstetrical Department of the Jefferson 
Hospital and the Roentgenological De- 
partment undertook in 1931 to confirm the 
observations of Menees ef al. The injec- 
tions were made in the Obstetrical Depart- 
ment and roentgenograms wefe taken in 
our department. We were able to achieve 
excellent visualization of the fetus and of 
the placenta and, from the standpoint of 


labor started within twenty-four to thirty- 
six hours after the injection of the opaque 
material. [In 2 instances the placenta was 
perforated and the fetus stillborn. Natu- 
rally, this method was promptly and per- 
manently abandoned. 

While examining these roentgenograms, 
having before me so clearly the placental 
area, | began comparing with them some of 
the roentgenograms of pregnant women 
which had been taken without Contrast 
medium, and much to my surprise I found 
that certain zones of the uterine body 
which I had taken to be amniotic fluid 
corresponded to the placental site and pre- 
sented certain features which upon further 
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inal workers. Burke employed the method 
in a series of cases and reported his results 
in 1935. He used uroselectan B instead of 
strontium iodide and secured very success- 
ful roentgenograms of the fetus and secun- 
dines. Burke felt that the method had 
value in the diagnosis of placenta praevia, 
but warned or its effect in inciting labor. 
He found that labor started in every in- 
stance, except one of hydramnios, within 
twenty-four to forty-eight hours after the 
injection was made, although he had no 
case of maternal or fetal injury in 75 cases. 

Adair and Davis reported their results 
with skiodan for amniography in 1933, and 
their conclusions were that the results ob- 
tained scarcely justified the risks that were 
associated with the undertaking. Cornell 
and Case, in their report in 1934, considered 
that the method has a limited field and has 
actual dangers. In spite of their best effort 
to avoid the placental site in making the 
injection, they found that the needle had 
punctured the placenta in 6 cases. In a final 
discussion, Cornell stated that he would 
consider it wise to discontinue the intra- 
uterine injection of opaque medium during 
pregnancy. So discouraging were these var- 
ious results and reports that amniography 
with the use of opaque medium has been 
almost completely abandoned. 

The contributions of Ude, Weum and 
Urner constitute the next chapter in the 
roentgenological diagnosis of placenta prae- 
via. The preliminary report of these in- 
vestigators was published in 1934. They 
recommended the introduction of opaque 
medium into the bladder, suggesting specifi- 
cfllv the use of 40 cc. of a 12.5 per cent 
solution of sodium iodide as a contrast me- 
dium. Anteroposterior and lateral roent- 
genograms were taken and the relationship 
of the fetal presenting head of the bladder 
was carefully noted. Unusual separation of 
the head from the bladder or unusual de- 
formity of the bladder was taken to indicate 
the presence of intervening soft tissue 
which was presumed to be placenta. In the 
majority of cases in which these character- 
istic findings were noted the diagnosis was 
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e 
confirmed either by the clinical course of 
vaginal delivery and the condition of the 
placenta or by the findings upon cesarean 
section. 

Further cases were reported by Ude and 
Urner in 1935 and the authors state, upon 
the basis of their ample experience that 
"We have found that the presenting head 
invariably lies directly against the lower 
anterior wall of the uterus unless it is dis- 
placed upward by a solid mass, either by 
the placenta, blood clots from a premature 
separation of the placenta, or from some 
abnormality of the fetus or pelvis." The 
work of Ude and Urner has received wide 
and favorable comment and a number of 
publications have confirmed the accuracy 
and usefulness of the method (Priest, Mc- 
Iver, Friedman and Macdonald, Wells, 
McDowell, Hall, Currin and Lynch and 
others). 

The method, however, does not provide 
for the diagnosis of position of the placenta 
when there are abnormal presentations 
such as the breech, the shoulder, etc., nor 
does it provide for a differential diagnosis 
of high displacement of the head in a con- 
tracted pelvis. These shortcomings are 
acknowledged freelv bv the original au- 
thors. In addition, several observers have 
noted cases where the presenting part has 
been displaced above the bladder and no 
evidence of placenta praevia was found. 
Such observations are reported by Hund- 
lev e£ al. in a contribution on the phvsio- 
logical changes occurring in the urinary 
tract during pregnancy. In studving the 
urinary tract, after intravenous pyelog- 
raphy, they found in 10 of 27 patients a 
space between the shadow of the fetal 
head and the outline of the bladder which 
varied from 1 to 2.5 cm. in thickness. Ín 
none of these 10 cases was placenta praevia 
found to be present. 

In very recent years an endeavor has 
been made to bring out the contour of the 
placenta bY the injection of thorotrast. 
This material, administered intravenously, 
is taken up by the lymphatics of those 
organs which are rich in reticulo-endo- 
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placental site, or introducing infection. 

The diagnosis from the roentgenogram 
is dependent upon the recognition of the 
placental shadow, either in the anteropos- 
terior cr lateral roentgenograms, or in some 
instances in both. This shadow is usually 
on the ventral side of the fetus and is in con- 
tinuity with the wall of the uterus. It is not 
changed by shifting the patient from one 
side to the other or by the assumption of the 
erect posture and 1s definitely not cast by 
the amniotic fluid. In placenta praevia the 
extent of shadow which is found in the body 
of the uterus depends upon the type and de- 
gree of placenta praevia. In lateral placenta 
praevia the shadow is located in the lower 
portion of the uterine body and disappears 
behind the shadow of the pelvic girdle. In 
complete placenta praevia the placental 
shadow is absent from the upper uterine 
segment. While it is not usually visible in 
the lower segment either, because of the 
concealment by the pelvic bones, vet the 
high displacement of the presenting part 
speaks for its presence there. The diagno- 
sis of complete placenta praevia bv this 
method, therefore, is dependent upon the 
absence of placental shadow from the upper 
segment of the uterus and displacement of 
the presenting part from its normal posi- 
tion. 

The technique employed in the roentgen 
studies is as follows: 

I. Ordinarily no laxative or purge is 
given nor even an enema, inasmuch as these 
measures may create disturbance of the pla- 
cental attachment. If the roentgenograms 
taken under these circumstances are not 
entirely satisfactory, the lower bowel mav 
be emptied by gentle enema, for an accumu- 
lation of feces in the rectum and sigmoid 
may of itself displace the presenting part. 

2. Two of the roentgenograms are taken 
using the technique for bone detail, the first 
in an anteroposterior position with the pa- 
tient lying prone on the table and the tube 
centered midway between the pubis and the 
umbilicus; the second, in the lateral position 
with the tube centered over the trochanter 
of the femur. Then a lateral roentgenogram 
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is made with soft tissue technique, with the 
tube centered at the lumbar region to reveal 
the contour of the body and fundus of the 
uterus. Inspection of these three roentgen- 
ograms usually affords sufficient informa- 
tion to make an accurate diagnosis of the 
position of the placenta, although if specfal 
conditions require, additional roentgeno- 
grams with soft tissue technique may be 
taken at other angles. The report that is 
made from these studies ordinarily includes 
a decription of the features of pelvic archi- 
tecture, the relationship of the fetal parts 
to the pelvis, and the position of the pla- 
centa. 

At the time I undertook these studies in 
1932 I could find in the literature no refer- 
ence to roentgenological visualization of the 
placenta without the use of an opaque me- 
dium, but upon reviewing the literature of 
the last few years, I find that there are sev- 
eral investigators who have recorded a simi- 
lar observation in an occasional case or a 
limited series. Ude and Urner describe one 
case in which the shadow of placenta praevia 
was observed in a roentgenogram without 
contrast medium, and in 1934 Snow and 
Powell published a résumé of their observa- 
tions upon roentgenological visualization of 
the placenta. They state: "We have been 
able to demonstrate the placenta in the rou- 
tine roentgen examination of the abdomen 
of pregnant women in a very high percent- 
age of cases. In fact, we believe that with a 
reasonable amount of technical accuracy in 
making the exposures, no difficulty will be 
encountered. The placenta was not seen 
heretofore because we did not look for it.” 
These observers presented a report of some 
75 cases in which observations were made, 
but state that they did not have the oppor- 
tunity of studying placenta praevia. It is 
probable that their investigations were go- 
ing on about the same time as mine and 
with their viewpoint I am entirely* in ac- 
cord. 

SUMMARY 

| trust that the facts we have presented 
here will serve to emphasize the value of 
this method of study of placental position. 
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study served to distinguish them as dis- 
tinctly soft tissue rather than fluid. I then 
began taking roentgenograms of the fundus 
of the pregnant uterus with soft tissue 
technique for the specific purpose of bring- 
ing out these details, and found that in 
practically every instance in which the 
placenta was located in the body or the 
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ment of Roentgenology has submitted to 
the obstetricians over one thousand reports 
of placental localization. Judging from the 
comments of the Obstetrical Department, 
these reports have been of service in the 
handling of those complications of preg- 
nancy and labor which have to do with po- 
sition and attachment of the placenta. 





Fic. 2. Left occipitoposterior position of the fetus. Note that the 
placental shadow is anterior in the lateral view. 


fundus of the uterus it could be visualized 
either in the anteroposterior or the lateral 
roentgenogram. After some experience and 
trial of the method I felt sufficiently confi- 
dént of the findings to make report of the 
position of this organ in each of the 
roentgenograms which we made of the preg- 
nant uterus. This phase of the study was 
started in 1932 and was developed during 
the subsequent six months. By the latter 
part of 1933 I began making formal reports 
of the placental location in addition to the 
routine description of the size and contour 
of the pelvis, position of the fetus, propor- 
tions between the fetus and maternal pelvis, 
etc. During the past six years the Depart- 


My experience with this roentgenologic 
method leads me to believe that not only is 
it accurate, but has certain advantages: (1) 
it ordinarily requirts no special preparation 
of the patient; (2) it makes unnecessary the 
injection of opaque medium, either into the 
amniotic cavity or into the bladder; (3 ) it 
permits of a determination of the position 
of the placenta not only in head presenta- 
tion but also in those abnormal presenta- 
tions which seem so frequently associated 
with placenta praevia, that is the breech, 
the shouldtr, the face, the brow, etc., and 
(4) it permits of the making of a diagnosis 
without any local manipulation of the pelvis 
without the possibility of disturbing the 
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SYPHILITIC SPONDYLITIS* 


By EUGENE FREEDMAN, M.D., and I. MESCHAN, M.D. 


CLEVELAND, OHIO 


INTRODUCTION 

UCH has been written about syphilis 

of ethe bony skeleton and about 
Charcot’s disease of the spine and other 
bones and joints, but references to syphilis 
of the spinal column have been few. This 
meager literature is partly due to the fact 
that the diagnosis is difficult to prove, even 
on histologic examination. 

Syphilis of the vertebrae should not be 
confused with Charcot’s spine. Charcot’s 
spine is secondary to changes in the dorsal 
root ganglia and dorsal columns of the 
spinal cord associated with loss of sensory 
perception. This loss in turn impairs the 
reparative mechanisms of the spine to the 
traumatic effects of everyday life. Minute 
fractures occur which are not observable 
roentgenologically. Hemorrhage ensues 
with subsequent disintegration of the 
constantly traumatized bone, with a loos- 
ening of the ligamentous structure which 
is followed by extensive areas of new bone 
formation. The end-result is a combination 
of bizarre bone destructive and extensive 
new bone productive changes. 

Syphilitic spondylitis, on the other hand, 
is elicited by an invasion of the periosteum 
and bone by Treponema pallidum. 


HISTORICAL REVIEW 


The earliest case report of syphilitic 
spondylitis was by Mqnroe? in 1772, who 
published it under the title of “venereal 
eroding ulcer and venereal caries of the 
vertebrae of the neck." 

Frank,* in 1798, reported a case of syph- 
ilitic areas involving the third, fourth and 
fifth lumbar vertebrae. 

In 1904, Neumann"? collected §5 cases of 
which 36 involved the cervical spine, 6 the 
dorsal and 7 the lumbosacral spine. 

In 1911, Ziesche!? wrote a comprehensive 
review on the subject. He compiled 88 


cases, 86 of which were from the literature. 
He found that men were more commonly 
affected than women, the ratio being 71.4 
per cent to 28.6 per cent. The disease was 
fairly evenly distributed among the various 
age groups. The regional incidence showed 
approximately 7o per cent in the cervical 
region, 13.5 per cent in the dorsal column, 
and the rest in the lumbar or sacral column, 
or multiple distribution. j 

The great majority of the cases of 
Neumann, Petren? and Ziesche!? were 
not confirmed by autopsy, the diagnoses 
having been based mostly on clinical, and, 
in a few instances, on roentgen findings. 

In 1914, Hunt’ added 4 cases. Three of 
these showed roentgenologic evidence of 
the disease, but in the fourth instance no 
roentgenographic changes were seen and 
the diagnosis was based on clinical arthritis 
in a known syphilitic patient which re- 
sponded to specific therapy. He stated that 
up to that date the number of reported 
cases of syphilitic spondylitis was 100. 

In 1915, Whitney and Baldwin! re- 
viewed the roentgenograms of the spines 
of 100 consecutive patients with positive 
blood Wassermann reactions. They diag- 
nosed gummatous lesions of the spine in 
3 patients, based on the finding of destruc- 
tive changes in the vertebrae. They stated 
that 68 of these patients had clinical symp- 
toms referable to the spine such as localized 
stiffness and hypotonicity without positive 
roentgen findings. They concluded that 
syphilitic spondylitis is more common than 
suspected, and they stated that all patients 
who have a positive Wassermann reaction 
associated with hypotonicity and localized 
stiffness of the vertebrae should de sus- 
pected of having syphilitic spondylitis. 

In 1925, Cofield and Little? reported 
upon 111 cases listed as luetic bone and joint 
disease in the files of Cincinnati General 


* From the Department of Roentgenology, University Hospitals, and Western Reserve University School of Medicine, Cleveland. 


756 


Li 
VoL. 49, No. 6 


In summary, let me state that the diagnosis 
of placental position has been made in over 
one thousand cases bv roentgen examination 
without the use of contrast medium; that 
the findings in the instance of placenta 
praevia have been confirmed bv the obste- 
trician, both in vaginal delivery and ce- 
sarean section; that the method has re- 
ceived acceptance in the obstetric clinic and 
apparently has come to play an important 
part in the management of certain obstetric 
difficulties where such knowledge is of im- 
portance; that the results have been 
achieyed without disturbance of the patient 
or without the necessity of the injection of 
any contrast medium which might endan- 
ger the pregnancy or cause inconvenience 
to the patient, and that while the method 
requires a certain amount of study, obser- 
vation, and special interest on the part of 
the roentgenologist, vet it is in no way be- 
vond the ability of the specialist in this 
held. 
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nerves may be involved primarily by the 
specific inflammation, or secondarily by 
pressure from the tumefaction. 

The discs may be involved by the gum- 
matous process and destroved by syphilitic 
granulation tissue. A secondary super- 
imposed infection may likewise be present. 

+ 
ETIOLOGY 


° 

The organism is, of course, the Trepo- 
nema pallidum. As previously indicated, 
there is a marked predilection for involve- 
ment of the cervical vertebrae. The reason 
for this is not known. In syphilitic osteitis 
elsewhere it seems that the bones most 
affected are those exposed to slight trauma 
and pressure, such as the frontal bone, the 
sternum, clavicle, radius and tibia. The 
cervical vertebral column is the most freely 
movable part of the spine and this may 
play a part in its relatively greater fre- 
quency of involvement. 

Secondary invaders and infection may 
participate in this phenomenon. Hunt 
believes this is due to an extension from a 
pharyngeal ulceration, and this is Neu- 
mann’s contention. Ziesche’s patient had 
an ulcerative area in the pharynx with a 
fistulous tract extending to the vertebrae, 
and sequestration. Moreover, congenital 
syphilitics in whom gummatous involve- 
ment of the pharynx is rare do not show the 
same proportional involvement of the 
cervical column. 

In most of the cases, spondylitis occurs 
in the malignant form of syphilis where, 
despite repeated therapy, new phenomena 
present themselves. The condition may 
eoccur in congenital syphilis, or during the 
second or third stages of acquired syphilis. 
The disease rarely develops before the 
secondary skin changes set in. However, 
Ziesche reports a case of a two year old 
infant who was infected by his nursemaid 
and who developed syphilitic spondylitis 
before the lingual mucous plaques or the 
plantar pemphigus appeared. ° 

As in other syphilitic osseous lesions, the 
absence of a history of a primary or sec- 
ondary syphilis has little importance. 
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Stokes reviewed 239 patients with late 
luetic osseous and joint lesions and found 
that 64 per cent gave no history of a pri- 
mary lesion and 87 per cent denied a 
secondary eruption. The blood Wasser- 
mann reaction was negative in 17 per cent 
of the cases. i 


CLINICAL SYMPTOMATOLOGY 


The symptomatology is not definite. 
There is localized pain which may be more 
marked at night, stiffness, and tenderness 
to palpation as the result of the periostitis. 
The normal lordosis of the spinal column is 
straightened out. The head is held stiff and 
motions are avoided. According to Hunt, 
neurological symptoms occur in about 26 
per cent of the cases. Compression of the 
cord is seldom marked enough to produce 
a compression myelitis. Sequestra may be 
coughed up in the cervical type of involve- 
ment. Coexisting lesions in other bones are 
common, especially the sternum, clavicle, 
tibia and radius. 

Occasionally sudden death has been 
described, especially when erosion into an 
artery has occurred. Dominel, quoted by 
Ziesche, describes a case in which erosion 
into a vertebral artery occurred with 
bleeding into the spinal subarachnoid 
space. Landrieux, quoted by Ziesche, de- 
scribed a case in which autopsy revealed 
a fistulous tract into the internal carotid 
artery. 

We have observed 3 patients suffering 
from syphilitic spondylitis. All of these 
patients showed involvement of other bones 
in addition to the vertebrae. Autopsy was 
performed on 1 of the cases and the diag- 
nosis was substantiated by histologic find- 
ings. In the other 2 patients, all the criteria 
of a clinical syphilitic spondylitis were 
present (positive Wassermann reaction 
and response of some of the bone lesions to 
antisyphilitic therapy). , 


Case 1. F. S., aged sixty-three, colored male, 
was admitted to the hospital on September 1, 
1937, with a chief complaint of pain and limi- 
tation of motion in the right elbow of three 
weeks’ duration. He had had a painful neck of 
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Hospital over a period of eight vears. Nine 
of these presented roentgen signs inter- 
preted as syphilitic spondylitis. One of 
these cases was cited as having been ex- 
amined at autopsy, showing ankylosis of 
the cervical vertebrae. The rest of them 
were not proved. 

In 1929, Woringer!® published a mono- 
graph on syphilitic Pott's disease. He 
recognized three forms of the condition: 
(1) the osteochondritic, (2) the periosteal, 
and (3) the gummatous type. 

According to him, the osteochondritic 
form, occurs ptimarily in the fetal period 
and the first two months of life. 

The periosteal form begins in the third 
month of life and persists thereafter. These 
intrauterine and lesions of early infancy are 
usually generalized and symmetrical. 


The gummatous type produces foci of 


bone destruction with frequent involve- 
ment of the intervertebral disc simulating 
the appearance of tuberculous spondylitis, 
hence his term “syphilitic Pott’s disease." 
This lesion is more localized, circumscribed 
to one of several bones, and occurs in later 
life. 

In 1931, Abernethy,! in 1932, Horn,’ and 
In 1933, Gill and Frazer’ each teported a 
clinical case of syphilitic spondylitis which 
was diagnosed by roentgenogr raphic changes 
of the vertebrae and positive Wassermann 
reaction, all of which responded both roent- 
genographically and clinically to antiluetic 
therapy. 

The most recently reported autopsied 
case was that of Péhu and Boucomont! in 
1933. Their patient, a child aged fifteen 
months, had involvement of the long bones 
and the vertebral column. The twelfth 
thoracic and the first and second lumbar 
vertebrae presented a moth-eaten appear- 
ance, the disc between them being nar- 
rowed. There was a gibbus but no para- 
vertebral abscess and complete microscopic 
studies showed findings which were con- 
sistent with the diagnosis of syphilitic 
spondylitis but not pathognomonic of it. 

In 1938, Sprung’ reviewed the problem 
of luetic spondylitis and reported a case 
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with clinical and roentgenologic findings 
but no other proof. 

In 1941, Sgalitzer reported 3 patients 
suffering from syphilitic spondylitis of the 
cervical column proved by roentgenologic 
evidence and response to antiluetic therapy. 


The above review demonstrates the 
great scarcity of pathologically® verified 
cases of syphilitic spondylitis. " 


PATHOLOGY AND PATHOGENESIS 


Ziesche believes that the pathologic 
anatomy of syphilitic spondylitis is the 
same as for other bones. The disease starts 
in the periosteum as a periostitis with a 
deposition of embryonal cells between the 
periosteum and overlying connective tis- 
sue. An inflammatory edema of the con- 
nective tissue ensues. In this stage, the 
disease may heal. If it persists, the embry- 
onal cells become osteoblasts and peri- 
osteal new bone production occurs. Osteo- 
phytes or exostoses may form. The inflam- 
matory process extends to the underlying 
bone and new lamellae form which become 
deposited on the haversian canals. This 
leads to a condensation of the involved 
bone, even to the point of eburnation. 

The inflammatory process may continue 
to progress and the haversian canal may 
become eroded from its inner surface, lead- 
ing to bone softening. This he calls “‘ostei- 
tis rarificans." It heals with the aid of 
hyperplasia of the bone. 

A still more marked inflammatory osteo- 
periostitis and osteomyelitis shows a tend- 
ency to a different type of productive 
process, which reSults in formation of 
gumma. Eburnation, however, may occur 
here also. 

Bone necrosis may also occur as the 
result of occlusion of the blood vessels 
within the thickened walls of the haversian 


canals. The necrotic bone may sequestrate. 


There is little tendency to pus formation, 
and abscesses are distinctly uncommon 
although tlfey may occur. 

According to Woringer, the ligamentous 
structure as well as the dura may likewise 
be infiltrated by gumma. The adjacent 
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five months’ duration with limitation of motion. 
He had also noticed a swelling in his right supra- 
clavicular fossa tor the past five months. He 
had lost 42 pounds in weight during that time. 
His first wife had had 2 stillbirths, but other- 
wise the past history revealed nothing of sig- 
nigjcance. 

On physical examination, his temperature 
was 38.5° C., pulse 114, respiration 20 and 
blood pressure 140/88. It appeared as though 
he had been ill for some time. Both pupils 
reacted to light and on accommodation and 
examination of the eyegrounds showed a mod- 
erate venous nicking. There was generalized 
moderate enlargement of all the lymph nodes, 
most*marked in the right supraclavicular fossa. 
At the costochondral junction on the left side 
of the tenth rib there was a hard immovable 
lump which was smooth and non-tender. The Fic 2. Case 1. Anteroposterior (.7) and lateral (B) 





reflexes were normal. roentgenograms of the cervical spine specimen, 

The blood Wassermann reaction was four 
plus and an examination of the spinal fluid 
showed no cells, a negative Pandy test, a low 
first zone gum mastic curve, and normal chlo- 
rides and sugar. A culture of the abscess of the 
left sixth rib revealed no growth after five davs. 
A biopsy of a lymph node and of the involved 
rib was reported as infectious granuloma, prob- 
ably tuberculosis. The patient continued to 
run a low grade fever, always fluctuating 
around 38.0? C., but otherwise was in good 


- 


physical condition. However, two weeks after 
admission he collapsed with all the signs and 
symptoms of a hemiplegia involving the left 
arm and left leg. His pulse became impercep- 
tible, his respirations slow, and his blood pres- 
sure dropped so that no readings could be ob- 
tained. Death ensued. 

The various roentgen examinations which 
were obtained were as follows: 

A posteroanterior view of the chest showed 
a dilatation of the aorta indicating the presence 
of a fusiform aneurysm. 

Roentgenograms of the entire length of the 
right humerus showed periosteal thickening in 
multiple layers extending upward to about the 
midportion of the bone. 

There was evidence of a slight amount of 
bone destruction throughout the tenth left rib 
near the costochondral junction involving an 
area about 2 cm. in length. 

There was an exfensive involvement of the 
third, fourth, fifth, sixth and seventh cervical 
vertebral bodies with marked irregularity of the 
contours, narrowing of the intervertebral spaces 


and overbridging spurs along the borders of the 
vertebral bodies (Fig. 1 and 2). The third, 
fourth and fifth lumbar vertebral bodies were 
also irregular in contour and surrounded by 
hypertrophic spurs. 

These multiple bony lesions were interpreted 
as being due to a low grade chronic infectious 
process. In view of the clinical history, these 





Fic. 1. Case 1. Lateral view of the cervical spine changes were suggestive of syphilitic bone le- 
shows syphilitic spondylitis. SIONS. 
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Fic. 3. Case ir. Roentgenograms of the sxull before (4) and after (B) specific antiluetic therapy, showing 
the healing of the gummatous lesion of the parietal region in two years. 


At autopsy, the findings were gummas of the 
liver, gumma of perigastric lymph node, chronic 
periostitis and osteomyelitis of the sternum, 
left tenth rib, cervical spine and right humerus, 
probably syphilitic, syphilitic aortitis, passive 
hyperemia and edema of the lungs, and other 
findings which were incidental. Almost com- 





Kic. 4. Case irr. Roentgenogram of the lumbar spine 
obtained at the time the gumma of the skull was 
first noted. No other roentgenograms of the spine 
were requested at this time. 


plete stenosis of the cerebral vessels was also 
found. Dr. Howard T. Karsner believed that 
although no pathologist could make a positive 
diagnosis of infectious granulomata on the bone 
lesions, in the light of the clinical findings, the 
presence of svphilitic aortitis, and of the gum- 
mas of the liver, it was justifiable to attribute 
all of the changes to syphilis. 

Section through the vertebral bodies of the 
cervical spine shows destruction of the inter- 
vertebral discs and gross irregularities of the 
bone architecture. The cancellous part is dark 
gray and friable in nature in contradistinction 
to the normal red bone marow in the normal 
areas. There is no involvement of this portion 
of the spinal cord. 

Decalcified sections through the cervical 
vertebrae and the distal end of the right hu- 
merus show considerable fibrous proliferation of 
the periosteum which tissue is old and well 
formed. There are numerous areas of gran- 
ulation tissue in the bones and periosteum 
extending out for a short distance in the soft 
tissue with marked lymphocytic infiltration of 
dense granulation tissue. In many areas the 
bone is replaced by this tissue. 


Case im. H. B., male, negro, aged fifty-three, 
was admitted June 22, 1935, from the Out 
Patient Department complaining of lumps on 
the head of two months’ duration. For four 
months he had had severe headaches which had 
been becoming increasingly worse. He had had 
a penile lesion and urethral discharge in 1902. 
He had been hospitalized in Toledo in 1934 
where he was given thirteen arm and hip in- 
jections for the treatment of "blind staggers.” 
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hic. §. Case ir. Anteroposterior (.7) and lateral (B) roentgenograms of the spine 
SIX years after intermittent antiluetic therapy. 


He had been a heavy drinker of alcohol until 
1917. Upon physical examination, he was well 
developed and nourished and not very ill. On 
the left side of the vertex of his skull there were 
two small firm masses which were smooth, 


shghtly tender and appeared to be in or part of 


the bone. There was a diastolic murmur in the 
aortic area and his blood pressure was 190/80. 
His blood Wassermann reaction and Kline pre- 
cipitation tests were four plus. One cubic 
centimeter of his spinal fluid also had a strong 
positive Wassermann reaction, with a low first 
zone gum mastic curve. 

The roentgen examinations at the time in- 
cluded the following: 

A roentgenogram of the chest showed the 
heart shadow to be enlarged and the aorta to 
be diffusely widened. In the cartilaginous end 
of the first right rib, and in the sixth rib on the 
left, there were punched-out areas of bone 
destruction. 

Roentgenograms of the skull showed a large 
moth-eaten area of irregular but generally 
diminished density in the left parietal bone, 
measuring 6 by 3.5 cm. The bone changes, 
mainly those of the skull, suggested a syphilitic 
osteitis (Fig. 3, 4 and B). 

Antiluetic therapy consisting of potassium 


iodide and bismuth was begun on the fourth 
day and by the twelfth day there was a slight 
reduction in the size and tenderness of the 
nodules of the skull. By the twenty-first day 
he was practically asymptomatic. 
Roentgenograms of the skull taken again on 
July 22, 1937, show that the gumma of the 
right parietal bone had completely healed, but 
the lesion in the first rib was increasing in size. 
Roentgenograms of the lumbar vertebrae 
were obtained in 1935 (Fig. 4) and showed no 
evidence of a pathologic process. No further 
studies of the spine were obtained until Novem- 
ber 18, 1941, and these were at the request of 
the Department of Roentgenologv because of* 
its interest in luetic lesions of the spine. The 
lateral view of the lumbar vertebrae showed a 
mottled decrease in density throughout the 
anterior portion of the fifth lumbar. The poste- 
rior portion of the fifth lumbar was sclerotic. 
There were large bony bridges between the 
fifth lumbar and first sacral and large spurs 
between the fourth and fifth lumbar (Fig. s, 
A and B). At this time it was noted that the 
body of the third cervical was irregular in out- 
line with a rearrangement of the trabeculae of 
the peripheral portions of the body (Fig. 6). In 
view of the patient's clinical history of mul- 
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lic. 6. Case 11. Roentgenogram of the cervical spine 
taken six years after intermittent antiluetic therapy 
showing involvement of the third cervical vertebra. 
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Case 111. J. J., male, negro, aged forty-seven, 
was first seen in the Out Patient Department 
on October 8, 1934, with a chief complaint of 
painful neck of one year’s duration and stiffness 
of the neck of six months’ duration. He had also 
had moderate pain in the right knee and right 
hip for the past year. He denied any venereal 
contacts and his general health was very good. 
Upon physical examination it was noted that he 
could not flex his head and could turn it only 
slightly. His back was very stiff and he could 
bend forward only in the lower lumbar region. 
Lateral flexion was also limited. There were no 
other significant findings and his reflexes were 
completely physiological. His pupils reacted to 
light and on accommodation. A clinical impres- 
sion of atrophic arthritis of the spine was made 
and when there was no response to salicylates 
and physiotherapy, roentgenograms of the 
cervical spine were made. These showed all the 
vertebral bodies of the cervical spine to be 
deformed. The bone trabeculae throughout 
them were markedly rearranged. There were 
small areas of diminished density interspersed 





Fic. 7. Case 11. Roentgenograms of the cervical (4) and lumbar 
(B and C) spine before any specific antiluetic therapy. 


tiple gummas throughout many portions of the 
bony skeleton, it was believed that these most 
likely represented syphilitic osteitis of the 
vertebrae. They were asymptomatic and were 
overlooked during their active phase.* 

* Autopsy was performed on February 24, 91943, after this 
cagnmunication was submitted for publication. Histologic exam 
ination of the involved ribs and vertebrae "showed dense fibrosis 
of periosteum and adjacent bone. These changes are not diag 
nostic of syphilitic involvement, but are entirely consistent with 
the diagnosis." 


throughout the vertebral bodies and extensive 
bone destruction in the anterior half of the 
axis and atlas. The body of the fifth cervical 
vertebra was markedly collapsed. The &nterior 
portions of the vertebral bodies were over- 
bridged by spurs and ankylosed. Many of the 
intervertebral discs were narrowed (Fig. 7, A, 
B and C). The changes were interpreted as 
indicating a chronic osteomyelitic process, the 
etiology of which was uncertain. Syphilis, 
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tuberculosis, and a nonspecific origin were sug- 
gested as possibilities. 

A four plus blood Wassermann reaction was 
subsequently obtained. A course of antiluetic 
therapy was then instituted, with symptomatic 
relief. Roentgenograms of the cervical and 
lugnbar vertebrae taken two years later showed 
an increase in the sclerosis of the involved ver- 
tebrae and some reconstruction of the destroyed 
vertebral bodies. It was concluded that these 
were most likely syphilitic in etiology, although 
the most that could be said objectively was 


Svphilitic Spondylitis 763 


@ - 
hvperostosis even to the point of ebur- 


nation. There is usually calcification in the 
anterior and lateral ligaments leading even- 
tually to complete ankylosis. The tendency 
to eburnation predominates over the tend- 
ency to destruction. The intervertebral 
space may be narrowed or of normal width. 
This change is in contradistinct®n to the 
statement by Sgalitzer who claimed that 
the intervertebral discs were always well 
preserved. 





Fic. 8. Case 11. Roentgerograms of the cervical (4) and lumbar 
(B and C) spine after specific antiluetic therapy. 


that the findings were those of an ankvlosing 
spondylitis (Fig. 8, 7, B and C). 


ROENTGEN APPEARANCE 


From the various reported proved cases, 
and from our own, we mav conclude that 
there are certain common characteristics 
in the roentgen appearance in a certain 
group of cases which allow the roentgen- 
ologist to suggest the presence of a syph- 
ilitic spondylitis. Any part of the spinal 
column may be involved, but there is a 
predilection for the cervical spine and this 
is the location where, from the literature 
and from our own cases, we have found a 
certain similarity in the appearance of 
most of the lesions. There is usually evi- 
dence of destruction of the vertebral body, 
especially on its ventral aspect, but there 
is a marked tendency to osteosclerosis and 


The vertebral body may appear some- 
what rounded and even larger in size than 
normal, and the normal bony structure ts 
replaced by either sclerosis or by areas of 
destruction. Occasionally the two forms 
are combined. The vertebral end plates 
mav be moth-eaten in appearance or 
smooth. While ine the cervical region the 
ligaments ossify in a rather uniform and 
smooth fashion, in the lumbar or dorsal 
vertebrae large pointed spurs may develop 
along the anterolateral borders of the end 
plates. When these changes are present the 
appearance may simulate a degenerative 
arthritic But while deforming 
spondylosis is usually a generalized con- 
dition inv®lving all or large sections of the 
vertebrae, the spur formation in syphilitic 
spondylitis will usually be localized to only 
two or three vertebrae. 


process. 
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There is usually no paravertebral ab- 
scess shadow present although in rare in- 
stances it may occur (Horn’s case). Seques- 
tration may occur in the cervical column. 
Subluxation and compression of the ver- 
tebral body may occur, especially in the 
neck. 

May, 9ecourt and Willm reported a case 
in which syphilitic spondylitis simulated 
the appearance of hemangioma. The fourth 
lumbar vertebra had a mottled appearance 
and its right side was cuneiform in shape. 
A check examination one year following 
antisyphilitic therapy showed the vertebrae 
to be recalcified. 

Several reports mention a type of syph- 
litic arthralgia of the spine (spondylitis 
syphilitica simplex) characterized by severe 


pain in the spinal column due to swelling of 


the small intervertebral articulations. These 
produce no changes in the roentgenogram. 
The pain responds slowly to antisyphilitic 
therapy. 

According to the case reported by Wo- 
ringer, the eburnation or sclerosis may clear 
up with specific antiluetic therapy. Like- 
wise, Sarrouy and Portier state that the 
destroyed areas may recalcify with specific 
therapy. 

DIAGNOSIS 


The diagnosis is not easy, but will prob- 
ably be made more frequently if considered 
in the differential diagnosis of spinal col- 
umn lesions. To substantiate the diagnosis, 
the following factors are necessary, which 
will depend upon a careful history, physical 
examination, serology, roentgen studies 
and other laboratory tests. 

(1) Existence of active syphilis, either 
by congenital or determined by marital 
history, past history or clinical or sero- 
logical manifestations. 

2) Appearance at an age when tuber- 
culosis of the spine is rare and the absence 
of tuberculosis elsewhere, although the 
two diseases may be present simulta- 
neously. 

(3) Rapid improvement upon institution 
of antisyphilitic therapy, although accord- 
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ing to Gill and Frazer a round cell sarcoma 
may also respond to antisyphilitic therapy 
and it is conceivable that iodides might 
benefit an actinomycosis also. 

(4) The roentgen appearance, although 
certainly not universally identical, may be 
strongly suggestive. ji 

(5) The disease has a predilection for the 
cervical region, although it may occur any- 
where in the spinal column. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis must include tu- 
berculosis, nonspecific osteomyelitis, lym- 
phoblastoma, localized metastatic tumor, 
or primary sarcoma of the spine. The non- 
specific osteomyelitides must include those 
of staphylococcic, streptococcic, typhoid or 
melitensis origin. Tuberculosis may be 
differentiated by the fact that it usually 
begins in the region of the vertebral end 
plate and the intervertebral disc and leads 
to early decalcification and partial destruc- 
tion of the involved vertebra. In the early 

stages it is a rather rapidly progressive 
disease. Increased new bone production 
may occur, but only in the later stages. 
Paravertebral abscess is usually present in 
contradistinction to syphilitic spondylitis. 

Osteomyelitis from any cause is char- 
acterized by an acute onset accompanied 
by a great deal of pain and systemic re- 
action. The condition rapidly leads to bone 
destruction which is soon accompanied by 
more or less extensive areas of new bone 
production and rapid regeneration. 

Typhoid spondylitis in its early stages 
is a rapidly advancing disease, but in six to 
eight weeks after onset it begins to produee 
spurs surrounding the bone destruction 
between two adjacent vertebral end plates. 
These spurs eventually become smooth and 
overbridge the two vertebrae in a character- 
Istic fashion. 

Lymphoblastoma and leukemia produce 
either bone destructive or new bone pro- 
ductive changes, or a combination of the 
two, but no spur formations around the 
vertebral bodies. These conditions are 
associated with other manifestations else- 
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where, helping to establish the diagnosis. 

Primary sarcoma may be very difficult to 
differentiate from syphilitic spondylitis. 
However, coexisting involvement of other 
bones is rare and the condition usually 
shows a rapid progression in contradistinc- 
flon to syphilis. 


CONCLUSIONS 


Three instances of syphilitic spondylitis 
are reported. One was verified at autopsy 
and two by their clinical course.* 

The cervical spine is the most commonly 
involved part of the vertebral column 
whére the lesion usually produces an ex- 
tensive involvement of the column con- 
sisting of a combination of new bone pro- 
ductive and destructive changes associated 
with spur formations around the vertebral 
bodies and occasionally calcification of a 
large portion of the anterior ligament. The 
intervertebral disc may be intact or nar- 
rowed and some of the vertebral bodies 
may show collapse (Cases 1 and 111). 

Occasionally, however, only one cervical 
vertebral body is involved, as in Case 11, 
where the appearance may cause great 
diagnostic difficulties unless lesions in other 
bones also suggestive of svphilis are pres- 
eni, 

The involvement throughout the dorsal 
and lumbar vertebral column yields a less 
suggestive  roentgenological appearance 
than the diffuse tvpe of cervical involve- 
ment. 

The disease may be present in only one 
vertebra or in two or three adjacent ver- 
tebrae. These vertebrae may show bone 
destructive or new bone productive changes, 
or a combination of the two. Occasionally 
it may lead to eburnation of the vertebral 
bodv. In the majoritv of instances, the 
vertebrae become surrounded bv more or 
less marked spur formation imitating the 
appearance of a nonspecific inflammatory 
spondylitis. 

The diagnosis of cervical syphilitic spon- 
dylitis causes no great difficulties, once the 
physician is conscious of this possibility. 


* See footnote page 762. 
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The localized cervical, dorsal or lumbar 

syphilitic spondylitis is more difficult of 

diagnosis. The etiology can finally be estab- 
lished only by careful clinical studies and 
by roentgenologic investigation of the en- 
tire skeleton which usually shows addition- 
al bone involvement. 
E 
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ANGIOCARDIOGRAPHY IN CONGENITAL 
HEART DISEASE 


I. INTRACARDIAC SHUNTS* 


By M. F. 


STEINBERG, M.D., A. GRISHMAN, M.D,,t and M. L. 


SUSSMAN, M.D. 


Department of Radiology, The Mount Sinai Hospital b 


T E. presence of defects in the cardiac 
septa as a result of developmental 
anomalies may result in the mixture of 
venous and arterial blood currents. The 
roentgenographic demonstration of these 
shunts and a more precise definition of asso- 
ciated changes has been made possible by 
the method of angiocardiography. In 1938 
Castellanos, Pereiras and Argelio Garcia? 
successfullv demonstrated in several infants 
a shunt between the right and left ventri- 
cles. Following the intravenous injection of 
35 per cent perabrodil or uroselectan B a 
single roentgenogram revealed opacification 
of the left ventricle at the same time as the 
right. The application of this method to 
older children and adults was made possible 
by the use of a more concentrated halogen 
compound (diodrast 70 per cent) by Robb 
and Steinberg? in 1938. Recently® we de- 
scribed a method for making a series of 
roentgen exposures during the course of a 
single injection which permits the right and 
left phases of the cardiac cycle to be re- 
corded more completely. It is the purpose 
of this report to illustrate from a group of 
65 congenital cardiacs the value of angio- 
cardiography in the study of anatomic fea- 
tures and the physiologic dynamics of intra- 
cardiac shunts. 
* The intracardiac shunts may be divided 
into the following three types: 


I. Interatrial septal defects 
II. Interventricular septal defects 
il. Transposition of the great vessels. 


The last is included because the aorta 
arises from both ventricles, receiving venous 
and arterial blood simultaneously, and al- 
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most invariably an associated interven- 
tricular septal defect is present immediately 
below the origin of the aorta. 

The embryology and pathological anat- 
omy of these anomalies have been described 
completely by Maude Abbott! and need not 
be repeated. The important physiological 
principles involved may be summarized as 
follows: 


i. The direction of flow through a shunt de- 
pends upon the pressure gradient be- 
tween the chambers involved. 

i. The volume of blood shunted depends, at 
least in part, upon the size of the com- 
municating defect. 

ui. The presence or absence of clinical cyano- 
sis depends primarily upon the degree of 
oxvgen unsaturation of the svstemic 
blood (over 6.7 volumes per cent in the 
presence of cyanosis). 


Ordinarily in isolated and uncomplicated 
septal defects the direction of flow is from 
left to right. This occurs because the pres- 
sure within the chambers of the left side of 
the heart is considerably higher than that 
within the right cardiac chambers. How- 
ever, if for any reason the pressure relation- 
ships are reversed, the direction of flow 
through the shunt is reversed and cyanosis 
may become manifest. In general, the latter 
occurs more constantly when the septal de- 
fects are associated with other congenital 
anomalies and especially with those of the 
pulmonary trunk. 

The clinical diagnosis of intracardiac 
shunts is based upon the history, the local- 
ization and transmission of murmurs and 
bruits, the presence or absence of cyanosis, 
the roentgen configuration of the heart and 


* Grateful acknowledgment is made to the Winthrop Chemical Company for the donation of the diodrast solution 7o per cent which 


was used in this study. 
T Fellow of the Dazian Foundation for Medical Research. 
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great vessels, circulatory studies and the 
presence of electrocardiographic changes, 
especially axis deviation. Recently an ob- 
Jective method for determining the presence 


of a right to left shunt was described by: 


Benenson and Hitzig.? This consists of the 
intravenous injection of a small amount of 
ether. In the presence of a venous arterial 
shunt, if sufficient ether enters the systemic 
circulation, peculiar paresthesias in the 
arms, legs and face are experienced by the 
patient. 

We studied 18 instances of intracardiac 
shugts by means of angiocardiography 
which were grouped as follows: 


Interatrial septal defects 

Interventricular septal defects 

Transposition of the great vessels 
(a) Tetralogy of Fallot (4 cases) 
(b) Eisenmenger's syndrome (2 cases) 


IO cases 
2. cases 
6 cases 


The clinical diagnoses were established on 
the basis of the criteria given in Table r. 
In 2 cases, postmortem confirmation was 
available. 


ANGIOCARDIOGRAPHIC STUDIES 


The average normal time sequence of 
opacification of the cardiac chambers and 
great vessels is as follows: 

Time in Seconds from 


Phase Structures Visualized E 
. I Superior vena cava, O.5—1.5 
right atrium 
II Right atrium, right I.5—2.6 
ventricle, pulmo- 
nary arteries 
uri Right ventricle, pul- 2.0-3.5 
monary arterjes 
ıv Branches of pulmo- 3.5-4.5 
e nary arteries and 
veins, left atrium 
y Pulmonary veins, left 4.5-7.0 
atrium, left ventri- 


cle, ascending aorta 
and aortic arch 
v1 Left ventricle, entire 
e aorta and branches 


5.0-8.5 


The discrepancy between these values 
and the circulation times a. obtained by the 
use of ether, saccharine, decholine, calcium 
gluconate and sodium cyanide should be 
noted. An even greater discrepancy has been 
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Ld 
found in individuals with congestive heart 
failure and in cases with intracardiac shunts. ` 

Cardiac shunts alter the pattern of an- 
giocardiographic visualization resulting in 
either premature opacification, persistent 
opacification or recurrent opacification of 
the cardiac chambers and great vessels. 
Each group is considered in detafl. 

1. Lnteratrial Septal Defects. Uncorngpli- 
cated cases of this lesion are usually asso- 
ciated with a left to right shunt since the 
left atrial pressure is normally higher than 
the right. During auricular systole, there- 
fore, blood flows from left to right through 
the septal aperture. This increase in volume 
results in a higher pressure within the right 
atrium resulting in dilatation and hyper- 
trophy. Any factor tending to augment the 
venous return may increase the right atrial 
pressure above that of the left and reverse 
the direction of the shunt, producing tem- 
porary or permanent cyanosis. Exercise, in- 
tercurrent pulmonary disorders and heart 
failure are the clinical conditions which 
may produce this phenomenon. Rapid in- 
travenous injection of fluid may likewise 
temporarily reverse the direction of an in- 
teratrial shunt. Even a small volume of ether 
rapidly injected into the antecubetal vein 
may traverse the septal defect resulting in 
the characteristic paresthesias which occur 
when ether enters the systemic circulation. 
The rapid intravenous injection of 30 to 50 
cc. of diodrast 70 per cent might be expect- 
ed to produce a right to left shunt in the oc- 
casional case even though the usual flow is 
from left to right. That rapid injection may 
raise the right atrial pressure is suggested 
by the fact that regurgitation into the in; 
ferior vena cava and hepatic veins occurs 
in some of the anomalies and reopening of 
the foramen ovale in newborn children fol- 
lowing the injection has been demonstrated 
by Castellanos eż al. However, these phe-- 
nomena were not observed in interatrial 
septal defects. 

The expected angiocardiographic pattern 
in cases of interatrial septal defect with 
left-right shunt would include revisualiza- 
tion of the right auricle and ventricle after 
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History 





Physical Examination 








Attacks of | Develop- 














cvanosis M^ Life span Murmurs Thrills | Clubbing 
Interatrial | Occasional attacksof | Usually no | Normalactivity | Faint to loud systolic over 2-4 intercostal | Usually 
Septal | cyanosis during in- | retardation, | to 4th decade | 3-4 intercostal space left of | space left of absen 
Defect fancy. Permanent | either men- and even longer | sternum. Murmur has a pecu- | sternum 
| aganosis may super- | tally or | liar high pitch, Occasionally 
| vene with onset of | physically early high pitched diastolic 
" heart failure, or se- over pulmonary area. Pre- 
| vere pulmonary ar- systolic rare. Murmurs may 
teriosclerosis be entirely absent during 
childhood 
" — — —— A $ : ee ae acs 
Interven- | Rare; present only | Frequentre- | Usually long | Harsh systolic over 3-4 inter- | Occasionally Absent 
tricular | terminally | tardation, | costal space left of sternum | present over 
Septal | both physi- | transmitted to pulmonary and | sternum 
Defect | | cal and men- apical areas. May be absent | . 


tal 





| during infancy and 


later in life 


appear 











Frequent re- 


Transposi- | Blue babies, or cy- 





tion of. | anosis may appear | tardation 
Great | several months after | both physical | casional cases 
Vessels birth and mental reach adult life 


Death in infancy 
or childhood. Oc- | 


Occasionaily Marked 
over pulmo- 
nary area 


Systolic over pulmonic area | 
and 3-4 intercostal space left 
of sternum transmitted to 
| right and down. Early diastolic | | 
over aortic area occasionally. | 

Murmur may be absent or 

negligible in early childhood 








the opaque material had reached the left 
heart. However, the demonstration would 
probably be difficult because of the already 
marked dilution of the contrast medium. 
Actually, demonstration of this type of 
shunt has not been achieved unequivocally, 
in our cases although in several a sugges- 
tion of persistent right auricular opacifica- 
tion was observed. On the other hand, in at 
least one case (Case 1) definite opacification 
of the left auricle was noted almost simulta- 
neously with the right, suggesting that the 
sudden increase in right auricular pressure 
temporarily produced a right-left shunt. In 
one case which was examined at postmor- 
tem, the defect in the auricular septum was 
so large that the auricles appeared as one 
chamber. It is probable that in this case the 
structure interpreted roentgenologically to 
be right auricle actually represented both 
chambers although an abnormally early 
visualization of the left ventricle and aorta 
was not observed. The anatomic features in 


all of the cases were seen easily. These in- 
cluded: 


(a) Marked dilatation of the right atrium, right 
ventricle, enormous (giant) pulmonary at- 
teries and branches. 

(b) Normal left ventricle. 

(c) Hypoplastic aorta. 


An enlarged left auricle was not seen reg- 
ularly even in the presence of Lutem- 
bacher’s syndrome although it was more 
common when the murmur of mitral steno- 
sis was heard at the apex. Even under these 
circumstances the right heart remained 
proportionally larger than the left auricle. 
It must be remembered, however, that 
angiocardiography does not provide the 
precise size of the cardiac chamberse if for 
no other reason than the likelihood that 
the opaque material does not fully fill the 
chambers. 

n. Lnterventricular Septal Defects. (a) Iso- 
lated. In this type of septal defect the 
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Variants 
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| Laboratory Data 








"y^ e 
VABLE I 
Associated Complications à iN i21 ; Conventional Roentgen Findings 
; Electrocardio- Circulation Venous | = " 

lesions 
gram studies pulse 
. . ` . . . . . ` . | ` ^ - 
Mitral stenosis Subacute bacterial | Right axis deviation. | Ether test | Occasion- | Enlargement of the heart to the left. 


endocarditis rare. | 
Heart failure usu- | 
ally present several | 
years before death | 


( putem bacher's 


High voltage and | 
syndrome) 


widening of ORS. In- | 
version T» and Ts. 
Occasionally no ab- 
normality 











may be pos- 
itive 


ally may 
be of arte- 
rial type 


Enormous dilatation of the pulmonary 

arterial system. Hilar dance. The esopha- 
| gus is not displaced posteriorly by a 
large left auricle but may be by the large 
| pulmonic vessels. Parodoxical systolic 
expansion of right atrium occasionally. 
Lutembacher's syndrome—enlargement 
of the heart to left, large pulmonic arteries, 
and evidence of left atrial enlargement 






































Patent ductus | Subacute bacterial | Usually left axis de- | Ether test | Normal Globular heart with predominant left 
arteriosus | endocarditis com- | viation. usually | ventricular enlargement 
o | mon; heart failure negative 

| uncommon 
Aortic stenosis Occasionally no ab- 

| normality 
Patentinterven- | Subacute bacterial | Right axis deviation. | Ether test | Normal Coeur en sabot. Peculiar configuration at 
tricular septum. | endocarditis infre- | High voltage QRS. | usually | apex—hump. 
Stenosis of pul- | quent. Heart fail- | Occasionally no ab- | positive. Cardiac size may not be increased. In- 
monary trunk | ure fairly frequent. | normality Arm-to- | conspicuous pulmonary arteries in tet- 
and right ven- | Pulmonary tuber- lung equals ralogy of Fallot and prominently di- 
tricular hyper- | culosis common arm-to- | lated pulmonary artery in Eisenmenger's 
trophy (tetral- | terminally tongue | syndrome 
ogy of Fallot). | time | 


Same but dilated 
pulmonary trunk | | 
(Eisenmenger's. | 

syndrome) 


pressure gradient between the left and right 
ventricles usuallv results in a left to right 
shunt. When the normal relationship be- 
tween the left and right ventricular pres- 
sures is altered due to heart failure, etc., the 
shunt may be from right to left. This is 
most unusual and only occurs terminally. 

Bv angiocardiographv, in cases of iso- 
lated interventricular septal defect, revis- 
ualization of the right ventricle after it has 
emptied is to be expected. This was ob- 
served in the single case investigated (Case 
11). The shunt will not ordinarily be re- 
versed by the injection because the high 
pressure gradient between left and right 
ventricles probably will not be overcome 
by this means alone. The fact that only a 
single gase was available for study is worthy 
of note but is compatible with other re- 
ported series. For example, Leech? dis- 
covered 2 interventricular septal defects 
in 18 congenital cardiacs older than two 
and one-half vears. The lesion has been 





considered more common probably because 
differentiation. from aortic and subaortic 
stenosis without the aid of an arterial pulse 
tracing 1s difficult. 

(b) Complicated (associated with other 
congenital lesions). An interventricular 
septal defect occasionally is found associ- 
ated with another congenital defect of in- 
dependent embrvological origin. In those 
instances in which the right intraventric- 
ular pressure is excessively high due to the 
presence of an associated stenosis of the 
pulmonary trunk, superimposed heart fail 
ure or pulmonary disease, the direction of 
flow is from right to left with resultant 
cyanosis. In such cases the angiocardio- 
graphic pattern also follows the right to 
left shunt, as will be described in the sec- 
tion on tetralogy of Fallot. 

Where the associated lesion is on the left 
side consisting of subaortic or aortic ste- 
nosis, the normally existing left to right 
pressure gradient is increased and in such 
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instances the angiocardiographic pattern 
mav be expected to show onlv a left to 
right shunt. The usual left to right shunt 
might be reversed by the injection where 
the associated lesion tends to increase the 
right intraventricular pressure, partially 
reducing the pressure gradient between the 
ventricles 

Not infrequently, the defect 1s plugged 
by bacterial vegetations (Case 111). This 
complication will, of necessity, modify the 
angiocardiographic pattern and correct 
interpretation becomes impossible. 

ur. Transposition of Great Vessels. Due to 
embryological arrest of rotation the aorta 
may arise from the right ventricle entirely 
or from both ventricles. In the latter, it 
straddles the outflow of both ventricles and 
surmounts the interventricular septal de- 
fect. Thus, the venous blood passes into the 
systemic circulation and in effect there 
results a venous arterial shunt with cya- 
nosis. Complete dextroposition of the aorta 
with the aorta arising from the right ven- 
tricle and the pulmonary artery from the 
left is imcompatible with long life. Occa- 
sionally complete atresia of the pulmonary 
artery in the presence of an interventricular 
septal defect may result in a similar but 
more indirect venous arterial shunt, the 
venous blood passing from the right ven- 
tricle through the septal defect to the left 
ventricle before it enters the aorta which 
arises normally. 

Transposition of the aorta gives rise to 
the basic physiological disturbance in 
several more or less constantly associated 
cardiac defects which have been described 
as separate syndromes. The most common 
is the “tetralogy of Fallot." As originally 
described this tetrad consists of (a) over- 
riding aorta or transposition of the vessels; 
(4) interventricular septal defect; (c) pul- 
monary artery stenosis; and (4) right 
ventricular hypertrophy. The variations 
of this syndrome are caused mainly by 
different degrees of aortic rotateon. How- 
ever, variants depend also upon the ab- 
normality in the pulmonic trunk which may 
be either hypoplastic (atretic), normal or 
dilated. The dilated pulmonic trunk has 
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been called the Eisenmenger complex. 

The essential hemodynamics in all of 
these related syndromes depends mainly 
upon the partial flow of blood from the 
right ventricle into the aorta. The associ- 
ated interventricular septal defect is sec- 
ondary from the functional point of vie. 
In this group, angiocardiography reveals 
simultaneous visualization of the right ven- 
tricle, aorta, pulmonic artery and left 
ventricle within two to three seconds of the 
beginning of the injection. The pattern is 
very characteristic because passage of the 
opaque material directly from right ven- 
tricle into the aorta results in unmistakable 
opacification of the latter; relatively little 
dilution occurs. In younger children in 
whom circulation is rapid, even normally, 
visualization of the entire aorta and the 
main thoracic arteries within two seconds 
after injection is the rule (Case iv). The 
density of the aorta 1s such that even the 
abdominal aorta and its main branches are 
clearly visualized. Since the size of the 
pulmonic artery is also demonstrated, 
angiocardiography usually permits precise 
classification within this group of congen- 
ital cardiac anomalies (Case v). 


SOURCES OF ERROR IN INTERPRETATION 
OF ANGIOCARDIOGRAPHIC STUDIES 


Errors may occur through technical var- 
iations or factors inherent in the dynamics 
of the individual case. The technical factors 
result from the injection as for example: 

t. Slow Injection. If the duration of the 
injection exceeds two and one-half seconds, 
right-sided chamber visualization is pro- 
longed and a left to right shunt may be 
simulated. The simultaneous opacification 
of both right and left chambers therefore 
may be found but may be differentiated 
from a shunt by noting the continuous 
opacification of the superior vena cava and 
right atrium throughout the cycle, f.e., at 
no time does the right side empty. 

(2) Interrupted Injection. If the injection 
is Interrupted due to mechanical difficulties, 
a re-opacification of the right chambers 1s 
produced which may simulate a shunt, the 
first phase of the injection having already 
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opacified the left chambers. The superior 
vena cava, however, will be noted to be 
opacified a second time. 

(3) Induced Shunts. The rapid intro- 
duction of fluid may reverse the direction 
of flow of a left to right shunt. In such 
inStances the usual direction of the shunt 
should dominate at the end of the cycle and 
be demonstrable at that time. 

The circulatory factors which may occa- 
sionally result in misinterpretations or 
lack of visualization are as follows: 

(1) Rapid Circulation Time. In young 
children, febrile illnesses and Graves’ dis- 
ease, the circulation may be so rapid as to 
result in early visualization of the left 
chambers even before emptying of the 
right chambers is complete. Bilateral opaci- 
fication thus produced may lead to mis- 
interpretation. However, this error can 
usually be avoided by careful studies of the 
serial exposures. 

(2) Marked Dilatation of the Cardiac 
Chambers. Such dilution of the diodrast 
may result that opacification beyond the 
right ventricle is unsatisfactory. 

(3) Associated Valoular Stenoses. The 
presence of a marked. valvular stenosis 
may permit only small quantities of the 
blood-diodrast mixture to enter the cham- 
ber beyond the stenosis and result in in- 
sufficient opacification of the distal struc- 
tures. 

(4) Continued opacification of the right 
chambers may occur when the opaque 
material, having passed into the inferior 
vena cava and hepatic veins, returns to the 
right heart. Regurgitation into the inferior 
vena cava during an injection is a common 
phenomenon in congenital heart disease 
and in normal children. There is usually no 
clinical or laboratory evidence of tricuspid 
insufficiency. 

(5) The presence of vegetations on the 
cardia valves or septal defects may inter- 
fere with the passage of the opaque ma- 
terial. 

DISCUSSION 

The value of angiocardiography in con- 
genital cardiac septal defects depends up- 
on the demonstration of a shunt between 
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right and left sides of the heart as well as 
the size of the cardiac chambers and great 
vessels. To demonstrate a shunt, the 
opaque material must pass through the 
abnormal channel in sufficient concentra- 
tion to be distinguishable clearly despite 
the usual variations in the density and 
contrast of the roentgenogram which even 
the most careful technique does not exclude. 
Hence, the method is of greatest value 
when a right to left shunt is present more or 
less constantly, or in other words, in .the 
presence of cyanosis. The absence of cy- 
anosis indicates that the pressure in the 
left heart is greater than in the right. There- 
fore, the opaque material will pass into 
the left heart already diluted before it is 
shunted back into the right to be diluted 
more. Occasionally, however, pressure con- 
ditions are such that the added volume of 
opaque material injected rapidly is suffi- 
clent temporarily to induce a right to left 
flow. It is evident, therefore, that angio- 
cardiography occupies a position in diag- 
nosis similar to any other laboratory 
procedure. Accurate clinical diagnosis is 
possible in most cases of intracardiac shunts 
without recourse to the method. However, 
in the individual case, confirmatory evi- 
dence is obtained which may be valuable. 
Occasionally, for example, interatrial septal 
defect is mistaken clinically for patent duc- 
tus arteriosus. Since the latter is amenable 
to surgery, any aid in differential diagnosis 
is important. The value of angiocardi- 
ography is only partially impaired when 
shunts are not demonstrated unequivocally. 
The fact that cardiac enlargement is due to 
right rather than left heart dilatation is. 
demonstrated conclusively. 'These anatom- 
ical features are often an indication of the 
severity of the abnormality and, with the 
better understanding of the pathological 
physiology, are likely to- be of assistance in 
determining prognosis. 

Angiocardiography 1s of particular value 
in the Eisenmenger complex because with 
conventional roentgenography the large 
pulmonary artery may obscure the presence 
of a dextroposed aorta. Fortunately, the 
simultaneous visualization of aorta and 
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pulmonary artery soon after injection 1s 
quite clear. 

The disparity between circulation times 
and the times when right and left hearts 
are opacified is difficult to explain. The 
disparity is particularly marked in the 
presence of a cardiac shunt. The problem 
is presumSblv related to the difference in 
the concentrations of the various agents 
required to produce the desired effect. 


REPORT OF CASES 


Case 1. /nteratrial Septal Defect; Induced 
Right to Left Shunt. 
J. S. (No. 484630) (Service of Dr. Eli Mosch- 


cowitz). A Negro, aged thirty-five, was admit- 
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ic. 1. /nteratrial septal defec& Case 1. Conventional 
posteroanterior roentgenogram shows enormous 
dilatation of pulmonary artery segment of left 
cardiac contour and associated giant pulmonarv 
artery branches. Heart enlarged both to left and 
right. Bilateral apical fibroid tuberculosis. 


ted to Mt. Sinai Hospital for surgical ligation 
of patent ductus arteriosus which had been 
diagnosed clinically at another institution. At 
two years of age he had lobar pneumonia and 
acute purulent otitis media which were treated 
ina hospital. No cardiac abnormality was noted 
at that time. At the age of ten and twelve he 
suffered attacks of fever associated with pain- 
ftl swelling of the left knee. At the age of 
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twenty-nine he was operated on for removal of 
a bullet; at this time he was told of a cardiac 
condition. Two vears previously he began to 
have symptoms of congestive heart failure. He 
was hospitalized and in addition to the cardiac 
lesion, chronic pulmonary tuberculosis was dis- 
covered. " 
Physical examination revealed a dyspneic 
colored man. The heart was enlarged at the 
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Fic. 2. /nteratrial septal defect. Case 1. Angiocardio- 
gram taken in left anterior oblique position two 
and one-half seconds after beginning of injection. 
A fan-shaped area of opacification is present in the 
region of the left atrium. Temporary distention of 
the right atrium produced a right to left shunt. 
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second left interspace. The point of maximal 
impulse was felt 1 cm. to the left of the mid- 
clavicular line. There was a svstolic thrill over 
the pulmonic area; blowing systolic and dia- 
stolic murmurs were heard over the entire pre- 
cordium, especially marked over the pulmonic 
area. There was dullness over the left upper 
lobe; the breath sounds were diminished over 
this area. 

Blood pressure was 116/100. The liver edge 
was felt three finger breadths below the costal 
margin. 

Laboratory Data. Blood count was within nor- 
mal limits; hemoglobin, 101 per cent. Urine 
showed varying amounts of albumin. 

Bldod serology and chemistry were negative. 
The electrocardiogram showed right axis devia- 
tion; RT» and RT, depressed; Tə and T; in- 
verted. Phonocardiogram showed a  high- 
pitched systolic murmur over the pulmonic area 
and an early diastolic murmur over the apex. 

Roentgen examination of the chest showed 
calcific and fibrotic tuberculous infiltration of 
both upper lobes. The cardiac configuration 
suggests interauricular septal defect (Fig. 1). 

Circulation Studies. Vital capacity 1,500 cc.; 
venous pulse, 22 cm. of blood; ether, 14 sec. (no 
peripheral manifestations). Saccharine time, 30 
sec. 

Angtocardiography showed marked dilatation 
of the right auricle and ventricle. Almost im- 
mediately after the beginning of the injection 
there was opacification in the region of the left 
auricle. There was marked dilatation of the 
main pulmonary artery and its major branches, 
with a sharp transition in caliber to the second- 
ary branches of the left pulmonary artery, the 
smaller branches of which were not visualized 
(Fig. 2), possibly due to thrombosis. 

These findings were interpreted as indicating 
the presence of an interatrial septal defect with 
an induced right to left shunt. 

The patient was successfully treated with 
digitalis and mercurial diuretics with disap- 
pearance of all signs of cardiac failure and he 
was discharged from the hospital. 

Final Discharge Diagnosis: congenital heart 
disease-g patent interatrial septal defect, dila- 
tation of pulmonary artery, possible Lutem- 
bacher’s syndrome (associated congenital mi- 
tral stenosis); possible superimposed rheumatic 
heart disease, mitral stenosis; congestive heart 
failure; possible thrombosis of branches of left 
pulmonary arterv; chronic fibroid pulmonary 
tuberculosis. 
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CASE II. 7 solated Interventricular Septal Defect; 
Left to Right Shunt. 

N. Y. (No. 474579) (Service of Dr. Bela 
Schick). A white male child, aged eight, was 
referred for angiocardiographic studies. He had 
appeared somewhat underdeveloped physically 
compared to the other siblings, otherwise he 
had been in good health. At the age of four years 
he had lobar pneumonia and at this time the at- 
tending physcian noted a cardiac abnormality. 





FiG. 3. Lnterventricular septal defect. Case 11. Angio- 
cardiogram aken in left anterior oblique position 
four and one-half seconds after beginning of injee 
tion. This shows simultaneous visualization of both 
ventricles indicating re-opacification of the right 
ventricle. The latter was seen in previous rcent- 


genogram to have emptied. " 
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Fic. 4. Tetralogy of Fallot with right sided aorta. Case 
IV. Angiocardiogram taken in left anterior oblique 
position two seconds after beginning of injection. 
Complete visualization of entire cardiovascular 
system indicates transposition of the great vessels 
as well as an interventricular septal defect. The 
pulmonary artery is stenotic. In the posteroante- 
rior position the arch and descending aorta were 
seen to the right of the spine. 


Physical examination revealed an underde- 
weloped but healthy white boy. There was no 
evidence of cyanosis or clubbing of the digits. 
The heart was not enlarged to percussion. A 
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loud rough systolic murmur and thrill were 
present maximally over the mid-sternum. 

Blood pressure was 100/70. First degree hy- 
pospadias was noted. 

Laboratory Data. Hemoblobin 14.5 gm. 
Urinalysis and blood chemistry, negative. Elec- 
trocardiogram showed left axis deviation. QRS 
of high voltage, suggestive of enlargement of 
the left ventricle. 

Phonocardiogram revealed high-pitched sys- 
tolic murmur of high amplitude occupying en- 
tire systole, best heard at left sternal border be- 
tween the third and fourth intercostal spaces. 

Angiocardiography revealed a re-opacifica- 
tion of the right ventricle four seconds after in- 
jection simultaneously with the opacification of 
the left ventricle. The chambers were mod- 
erately dilated. Reflux into the inferior vena 
cava was noted (Fig. 3). 


Case 111. Complicated [nterventricular Septal 
Defect. Associated Pulmonte Insufficiency due to 
Congenital Deformed Pulmonic Valve Leaflet. 
Vegetation of Subacute Bacterial Endocarditts. 
Occluded Septal Defect, No Shunt Demonstrated. 

E. A. (No. 471053) (Service of Dr. Harold 
Neuhof). A white male, aged thirty-three, was 
admitted to Mt. Sinai Hospital for surgical liga- 
tion of patent ductus arteriosus. Although he 
had known of the presence of a cardiac murmur 
since early childhood, he had led a normal ac- 
tive life until the onset of this illness about nine 
months previously. At that time he began to 
have chills, fever, pain in the chest and bloody 
expectoration. He was hospitalized elsewhere 
and numerous blood cultures grew many colo- 
nies of Streptococcus viridans. A diagnosis of 
patent ductus arteriosus with superimposed 
subacute bacterial endarteritis had been made. 

Physical examination revealed a febrile, 
dyspneic, emaciated young man. Marked cervi- 
cal pulsations were present. 

The heart was enlarged to the left. A marked 
systolic and diastolic thrill was felt over the 
pulmonic area, less distinctly over the apex. 
The point of maximal impulse was in the sixth 
intercostal space, slightly beyond the mid- 
clavicular line. Over the pulmonary area there 
was heard a loud blowing low-pitched, systolic 
murmur and a faint high-pitched diastolic 
murmur (machinery type). The blood pres- 
sure was 100/70. 

The spleen was felt two finger breadths be- 
low the costal margin. Several Osler's nodes 
were present on the fingers. 
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Laboratory Data. Blood count revealed a 
secondary anemia; hemoglobin 60 per cent; 
leukocyte count 29,400 with 87 per cent poly- 
morphonuclears. Urinalysis showed albumin 
and red blood cells. 

Blood cultures revealed numerous colonies 
of etreptococcus viridans. 

Blood urea nitrogen on admission was 9 
mg. per 100 cc. and rose to $4 mg. per 100 cc. 

Circulation time: saccharine, 15 sec.; venous 
pulse, 16 em. of blood. 

F.lectrocardiogram showed left axis deviation, 
sinus tachycardia. 


Phonocardiogram: very prominent high- 
pitched musical murmurs over entire pre- 


cordi&m occupying entire systole and loudest 
at the pulmonic area. There was present also 
a fainter late diastolic murmur. A presvstolic 
gallop was demonstrated. 

Angiocardiography: right auricle and ventri- 
cle are not distinctly abnormal in size. Main 
pulmonary artery and left pulmonary artery 
appear dilated. The left ventricle is not sharply 
outlined. The aorta is of normal caliber but 
shows a slight dilatation of the descending 
portion. 

Surgical exploration and postmortem inspec- 
tion of the heart were performed. No ductus 
arteriosus was found. There was an interven- 
tricular septal defect measuring 2 by 2.5 cm. 
situated in the superior portion of the mem- 
branous septum. The aperture was completely 
occluded by bacterial vegetations. In addition, 
there was an anomaly of the posterior leaflet 
of the pulmonic valve resulting in pulmonary 
insufficiency. Bacterial {vegetations were pres- 
ent on the pulmonic and tricuspid valves. The 
pulmonary artery was markedly dilated. The 
right ventricle was both hypertrophied and 
dilated. 


Case 1v. Tetralogy of Fallot and Right Aortic 
Arch. 

J. B. (No. 476580) (Service of Dr. Bela 
Schick). White female, aged four, who had been 
cyanotic since birth. Convulsions of jacksonian 
type had been present since one year of age. 
Mental development was normal. Dyspnea 
occurred on exertion with orthopnea. The child 
became extremely cyanotic on crying. 

Physical Examination. Normal size and 
weight. Lips and mucous membranes were 
darkly cyanotic. There was marked clubbing of 
all digits. 
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liG. 5. Eisenmenger s complex. Case v. Conventional 
posteroanterior roentgenogram showing peculiar 
double contour in the region of the pulmonary 
artery segment of the heart. 


Laboratory Data. Hemoglobin 159 per cent, 
22.9 gm. Red blood cells, 12,850,000; leuko- 
Cytes, I 1,500. Blood pressure LOS, 79. Electro- 
cardiogram: sinus tachycardia; marked right 
axis deviation; P waves very high; QRS, high 
voltage; RT 1, 2, 3 depressed; T 3 inverted. 
The changes suggested enlargement of the 
right auricle and ventricle. 

Phonocardiogram revealed very short early 
systolic murmur of low amplitude over pul- 
monic area. 

Angiocardiography revealed simultaneous 
opacification of aorta and pulmonary artery 
two seconds after isjection. The right heart 
moderately enlarged. The pulmonary 
artery was small. The aorta was dilated. The 
arch and descending aorta passed to the right 
of the spine (Fig. 4). 


Was 


Case v. Eisenmenger's Complex. 

B. W.O. (Referred by Cardiac Clinic, Monte- 
fiore Hospital, New York City). Male, aged 
twelve. The patient has been moderately cya- 
notic since earliest childhood. There were no 
symptoms of diminished cardiac reserve. De- 
velopment has been normal. 

Physical Examination. Blood pressure 100/ 
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Fic. 6. Eisenmenger's complex. Case v. Angiocardio- 
gram taken in left anterior oblique position two 
and one-half seconds after beginning of injection. 
Simultaneous opacification of right ventricle, pul- 
monic artery and aorta indicates that both great 
vessels arise at least in part from this ventricle. 
The left ventricle is only partially opacified through 
the patent interventricular septal defect. The main 
pulmonary artery and its left branch are markedly 
dilated. ° 

E 


6c. Slight clubbing of all digits. All fingernails 
were markedly curved (Fig. 5). 
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Laboratory Data. Electrocardiogram showed 
regular sinus rhythm. Marked right axis devi- 
ation. P waves notched and prominent in leads 
2 and 3. QRS of high voltage. These changes 
suggest enlargement of the right auricle and 
ventricle. 

Phonocardiogram revealed prolonged lygh 
pitched. systolic. murmur. of high amplitude 
present over entire precordium, maximum over 
the pulmonic area. 

Angiocardiogram revealed simultaneous opac- 
ification of pulmonary artery and aorta two 
and one-half seconds after the beginning of 
injection. The pulmonary artery was markedly 
dilated (Fig. 6). 


CONCLUSIONS ° 

Sixty-five congenital cardiacs have been 
subjected to angiocardiography. Eighteen 
cases represented various types of intra- 
cardiac shunts. The method usually dem- 
onstrated the shunt when a right to left 
shunt existed and sometimes when it was 
produced by the injection. In other cases, 
when the shunt was left to right, re-opaci- 
fication of the right heart could be made 
out occasionally. In all cases, the demon- 
stration of the pathological anatomy and 
physiology present was of value in differ- 
ential diagnosis. It is likely that with ad- 
ditional data better evaluation of prognosis 
will be possible. 
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MILIARY CALCIFICATION OF THE LUNG: 


By ERVING F. GEEVER, M.D, Pu.D. 


DENVER, COLORADO 


ILIARY calcification of the lungt 

is fairly frequently encountered by 
rotntgenologists 1n. routine chest surveys 
and has been the occasion for numerous 
reports in the past. The condition has been 
generally considered'^ to be caused by 
tuberculosis but several authors have 
raised the question of other etiological 
factors. Sutherland! believed that it might 
be related to over-saturation of the blood 
by @alcium salts associated with some 
metabolic anomaly. Savers and Meri- 
wether!" cultured fungi, namely the .47;- 
pergillus, from the sputum of a number of 
such cases and felt that the picture could 
be reproduced by that type of infection. 
Olson, Wright and Nolan” reported results 
of a Public Health investigation in Ohio 
and considered the Ascaris as a possible 
cause where tuberculosis could be ruled 
out. Their study, however, failed to prove 
or disprove that this parasite was the caus- 
ative agent. [n none of the above reports 
were pathological studies made. This is 
understandable since many of the cases 
were in good health and opportunitv for 
continuous follow up to death and autopsv 
examination was not available. 

The purpose of this report is to present 
the results of pathological and bacterio- 
logical studies in two typical examples of 
this condition. Both patients died of en- 
tirely unrelated diseases and complete 
autopsy examinations were performed. 

Case 1. W. S., male, aged seventy-six, was 
admitted to Colorado General Hospital on 
October 30, 1941, complaining of weakness, 
diarrhea, numbness and tingling of the hands 
and feet and a loss of 1$ pounds in weight, all 
taking place during the past three months. He 
stated that he had been under treatment for 
pernicious anemia periodically during the pre- 
vious ten years. He had been admitted to this 

f Also called 


"wheatena." The latter term has arisen because of the fairly 
high incidence among workers in wheat fields. 


“miliary calcicosis,” “miliary calcinosis’ and 


* From the Department of Pathology, University of Colorado, School of Medicine and Hospitals. 


institution on two other occasions, 1937 and 
1940, for treatment of that condition. The 
physical examination on admission at this time 
revealed old varicose ulcers, extergal hemor- 
rhoids and bilateral indirect inguinal herniae. 

The laboratory studies showed: urinalysis: 
2+ pus cells; ood: erythrocytes 4,510,000, 
hemoglobin 14.0 grams; blood chemistry: non- 
protein nitrogen 49, urea nitrogen 25 and creat- 
Inine 1.7 mg. per 100 cc. 

Roentgen examination of the chest demon- 





Fic. 1. Case 1. Showing miliary calcified lesions dis- 
» . ~ rm . @ 
tributed evenly in both lung fields. The hilar nodes 
è . e. . 
display extensive calcification. 


strated miliary calcified lesions distributed 
evenly in both lung fields. They varied in size 
from 1 to 3 mm. in diameter. The hilar nodes 
showed bilateral extensive calcification (Fig. 1). 

Clinical Course. Shortly after admission the 
patient developed fever which fluctuated be- 
tween 101.2° and 103.4° F. His course was 
rapidly retrogressive. Tuberculin skin testing 
with 0.1 cc. of 1:100,000 O.T. was performed 
and found to be negative. Death occurred before 
a subsequent examination with a higher con- 
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Miliary lung calcifications varying 


Case II. 
from 1.0 to 3.0 mm. in diameter. Hilar nodes are 
extensively calcified. 


Fic. 2. 


centration of O.T. could be carried out. The 
patient died on November 3, 1941. 

Autopsy was performed two hours post- 
mortem and revealed the following significant 
findings: (1) hypostatic terminal pneumonia, 
bilateral, moderate; (2) ulcerative ileitis, sub- 
acute, moderate, cause undetermined; (3) pros- 
tatic hypertrophy, obstructing, moderate; 
(4) cystitis, subacute, with multiple diverticula, 
secondary to (3); (5) nephrosclerosis, senile, 
arterial type, moderate; (6) multiple miliary 
lung calcifications, bilateral, with secondary 
bilateral hilar lymphadenitis. The pathological 
lung findings will be described in detail later. 


Case ri. D. M., male, aged thirty-six, was 
admitted to Colorado General Hospital on 
January 6, 1941, complaining of shortness of 
breath and weakness during the past six 
months, and swelling of the lower extremities 
for two weeks. He had lost 13 pounds in weight 
during the latter period. The significant phys- 
ical findings were ascites, enlargement of the 
spleen and moderate emaciation. , 

ehe laboratory studies revealed:  //ood: 
erythrocytes I, 100,000, leukocytes I 34,400 5 the 
differential count showed 35 per cent mature 
polymorphonuclears, 52 per cent immature 
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myeloid forms, 8 per cent lymphocytes, 3 per 
cent eosinophiles and 2 per cent basophiles. 

Roentgen examination of the chest was per- 
formed and demonstrated findings similar to 
those in Case 1. Numerous calcifications vary- 
ing from 1 to 3 mm. in diameter were distri- 
buted evenly over both lungs. The hilar regeon 
bilaterally showed extensive calcification (see 
Fig. 2). The sputum was found to be negative 
for tubercle bacilli on smear examination and 
after guinea pig inoculation. Sputum culture 
on Sabouraud's medium for fungi was also 
unsuccessful. 

Clinical Course. A diagnosis of myelogenous 
leukemia was made and the patient given sev- 
eral courses of roentgen therapy. Response was 
satisfactory and he was discharged shortly 
thereafter. He was readmitted on October 20, 
1941, complaining of a return of all the old 
symptoms, 1.e., weakness, shortness of breath 
and swelling of the legs. Tuberculin skin test- 
ing was carried out at this time with o.1 cc. of 
1: 100,000 O.T. The test was negative and was 
repeated later with o.1 cc. of 1:10 O.T. The 
latter examination was also negative. Blood 
study on admission revealed erythrocytes 
2,850,000 and leukocytes 114,250. His course 
was steadily retrogressive and death occurred 
on November 14, 1941. 

Autopsy was performed nine hours post- 
mortem and presented the following positive 
findings: (1) myelogenous leukemia with hepat- 
omegaly (2,840 grams), splenomegaly (1,550 
grams) and mveloid hyperplasia of the bone 
marrow; (2) chronic organizing pneumonia, 
severe, bilateral, upper lobes; (3) leukemic in- 





Fic. 3. Case 1. Low power (magnification 32 X) sec- 
tion of a lesion showing almost complete encapsu- 
lation by bone with several marrow foci as indi- 
cated. 
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filtration into the lungs, spleen, liver and 
adrenals; (4) multiple miliary lung calcifications, 
bilateral, with secondary bilateral hilar lym- 
phadenitis. 
The Pulmonary Lesions 

CASES I AND II 

The changes in both cases were identical 
and will be described jointly. Both lungs were 





liG. 4. Case 1. Another lesion (magnification 145 X) 
demonstrating rhythmic banding, similar to Liese- 
gang's rings, in the central caseous and calcified 
area; also some marginal ossification. 


seeded with many small, hard lesions which 
were apparent only as they approximated the 
visceral pleura. In the cut section palpation 
provided a more accurate impression of their 
size and character than did visualization. The 
nodules varied in size from 1.0 to 3.0 mm. in 
diameter. They were stony hard in consistency 
and could not be sectioned with a_ knife; 
crushing with bone forceps revealed a dry, 
yellowih-white, amorphous composition. The 
tracheobronchial lymph nodes, bilaterally, were 
moderately enlarged and matted together. 
They were extensively involved by stony hard, 
yellowish-white infiltrations. The liver and 
spleen in both patients were not similarly 
affected. 








Fic. 5. Case it. Low power (magnification 32 X) sec- ° * 
tion of a lesion showing approximately two-thirds 
encapsulation by bone. Central caseation and cal- 
cification are demonstrated also. 

* 

ic. 6. Case 11. Another lesion (magnification 145 X) 
with rhythmic banding and a bony margin as indi- 
cated. 

e 
e 





Fic. 7. Case 1. Low power (magnification 32 X) sec- 
tion of hilar lymph node demonstrating central 
caseation and calcification. Marginal fibrosis is 
indicated. 


Bacteriological Examination. Individual lung 
lesions as well as specimens of hilar lymph node 
were removed aseptically and ground up under 
sterile conditions in a mortar. Digestion was 
then carried out with weak alkalies, and the 
sediment stained and examined for tubercle 
bacilli. Furthermore, the neutralized sediment 
was injected into a guinea pig. In Case 11, ad- 
ditional culture on Sabouraud's medium was 
undertaken for fungi. The  bacteriological 
studies and autopsy examinations of the inoc- 
ulated guinea pigs were netative. 

Microscopic Pathological Studies. Large sec- 
tions of both lungs were preserved in Lund- 
quist's solution* and after thorough fixation 


* Lundquist’s Solution 1 

potass. acetate 35-0 gm. 

For 12 hours or longer de- | potass. nitrate 45.0 gm. 
pendent on size of section ‘chloral hydrate 80.0 gm. 

formaldehyde 444.0 CC. 

water 4000.0 cc. 

Lundquist’s Solution 11 

[] | potass. acetate 10.0 gm. 


§.0 gm. 


T "wr | chloral hvdrate 
For indefinite storage us 
[glycerin 10.0 CC. 
hot water 90.0 cc. 
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the individual lesions were isolated and decal- 
cified with mineral acid (5 per cent HNO;). 
Each nodule was then carefully sectioned as 
close to the center as possible and embedded in 
paraffin. Staining was then carried out with 
hematoxylin and and carbol-fuchsin. 
Photomicrographs of the lung sections gre 
provided at different magnifications in Figures 
3 to 6. Ten lesions were prepared in the above 
manner from each case. They exhibited central 
caseation and varying degrees of calcification, 
sometimes in concentric lavers.* In the pe- 
riphery, almost every nodule (7 out of 10 in 
Case 1, and 8 out of 10 in Case 11) showed ossi- 
fication of its fibrous capsule. In some instances 
bone marrow and hematopoiesis could bê dis- 
tinguished. There was no marginal inflam- 
matory reaction although a few epithelioid 
cells, lymphocytes and plasma cells were occa- 
sionally observed. All lesions appeared com- 
pletely healed. No organisms, 1.e., fungi or 
acid fast bacilli, were noted in either the hema- 
toxylin and eosin or carbol-fuchsin stained 
sections. The hilar lymph nedes in both cases 


eosin 





Fic. 8. Case 11. Low power (magnification 32 X) sec- 
tion of hilar lymph node showing same features as 
Figure 7. 


* Dr. James J. Waring has called my attention to the resem- 
blance of this concentric layering to Liesegang’s phenomenon. 
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Bacteriological 

(1) Sputum studies 
(a) Culture for tubercle bacilli. 
(b) Culture for fungi. 
(c) Guinea pig inoculation. 

(2) Autopsy lesions 
(a) Culture for tubercle bacilli. 
(b) Culture for fungi. 
(c) Guinea pig inoculation. 


Pathological 
(1) Gross morphology including exami- 
nation of the regional lymph nodes. 
(2) Microscopic study. 


Roentgenological examination—periodic chest 
roentgenograms to establish or rule out 
progression of the lesions. 


CONCLUSIONS 


I. Two cases of miliary calcification, dis- 
covered incidentally in routine chest (roent- 
gen-rav) examinations, were studied clini- 


e *callv, bacteriologically and pathologically. 


2. The complete study suggested the 
cause for the appearance in the two cases 
to have been tuberculosis, probably of the 
primary type. 

3. The infection had occurred many 
vears previously, probably in infancy or 
childhood, and had completely healed. The 
condition in no way contributed to death 
in either case. 

4. Although the possibility exists that 
other agents may cause this interesting 
lung picture, the importance of tuber- 
culosis should not be minimized. 


The author wishes to express his appreciation to 
Dr. James J. Waring and Mr. Donald E. Cummings 
for their cooperation and suggestions in this studv. 
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also presented similar changes which differed 
only in the absence of peripheral ossification 
(Fig. 7 and 8). 


DISCUSSION 


The possibility that diseases other than 
fuberculosis may cause miliary lesions in 
the lungs cannot be denied. Some of the 
etiological factors suggested on the basis 
of studies in humans have already been 
referred to. Experimentally, Cronkite and 
Lack? reproduced the picture to some ex- 
tent in guinea pigs by having the animals 
inhale dry mycelial spores of Coccidioides 
immitis. The early lesions were translucent, 
grayish nodules up to 2 mm. in diameter 
and proved to be granulomata microscop- 
ically. Epithelioid cells, occasional multi- 
nucleated giant cells and several typical 
spherules of coccidioides could be dis- 
tinguished in such granulomata. In the 2 
cases presented here the most likely diag- 
nosis, in my opinion, appeared to be healed 
miliary tuberculosis of the primary type. 
This interpretation was made on the basis 
of the close resemblance of the lesions to 
healed Ghon tubercles and because of the 
extensive regional (hilar) lymph node in- 
volvement. The negative tuberculin tests 
and bacteriological studies were not con- 
sidered to be decisive objections to this 
diagnosis. The question of tuberculo-al- 
lergy becoming spontaneously extinguished 
in healed tuberculosis is controversial. 
However, it can be stated as fairly well 
accepted that the sensitivity may be de- 
pressed in patients in a cachectic state 
whether the latter is due to tuberculosis or 
other diseases. In such cases a tuberculous 
focus could exist with a negative tuber- 
culin reaction. The test was performed two 
days before death in Case 1, in Case ir 
ten days before death. The absence of 
bacteriological verification is also not un- 
usuat in old healed tuberculous lesions. 
Feldman and Baggenstoss,! for example, 
found viable organisms in only 1 case out 
of 68 subjects in whom the lesions of the 
primary complex were examined for tu- 
bercle bacilli. 
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Bone formation in tuberculous foci is of 
particular interest and is frequently ob- 
served in primary tuberculous lesions found 
in routine autopsy examinations. Bovd?con- 
sidered ossification in lung or lymph node 
lesions as an indication of a primary tuber- 
culous infection. Terplan™ found that 60 
per cent of all primary foci im his adult 
series contained bone. Puhl’ also stressed 
bone formation as very frequent in Healed 
primary lesions (so per cent in his group). 
Although the latter author admitted that 
reinfection lesions might run through the 
same sequence of changes, bone formation 
was only rarely observed. Sweany,” on the 
other hand, interpreted the presence of 
bone as an indication merely of extreme age 
of a tuberculous lesion and stated that 
ossified foci are at least ten years old. 
Sweany" also pointed out that “There is 
no absolute way of telling a primary lesion 
by pathological appearances alone." The 
presence of bone in a tuberculous focus is 
probably not specific for a primary in- 
fection, although it is commonly found in 
such lesions. In the 2 cases described, how- 
ever, the combination of ossified foci and 
extensive regional (hilar) lymph node 
involvement would appear to justify an 
interpretation of a primary type of in- 
fection. The latter had undoubtedly taken 
place a long time ago, probably in infancy 
or childhood, and had resolved in complete 
healing. In no respect had the condition 
contributed to the fatal issue in either 
patient. 

For future clarification of this problem it 
is recommended that the following studies* 
be performed whenever an opportunity 
presents itself to examine a patient who 
demonstrates this finding in a chest roent- 
genogram. 


Clinical 
(1) History of contact with tuberculosis. 
(2) History of pulmonary tuberculosis. 
(3) Determination of tuberculo-allergy by 
twberculin skin testing. 
* The value of chemical analysis is doubtful as pathologgcally 
calcified tissue has approximately the same composition whether 


produced in tuberculosis or in the course of other diseases (Maver 


and Wells*). 
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LAYER FORMATION IN PYELOGRAPHY 


By ALICE ETTINGER 


From the Department of Radiology of the Boston Dispensary and Pratt Diagnostic Hospital 
BOSTON, MASSACHUSETTS 


poen. in general has not as 
yet developed to such a degree of per- 
fection that its results have the same de- 
gree of diagnostic reliability as the results 
in other fields of roentgenology. One needs 
only to glance over the pages of one Quar- 
terly Cumulative Index Medicus to find 
that every year several articles are pub- 
lished with the title “Pitfalls in Urog- 
raphy.” | 

We have to ask ourselves whether these 
pitfalls are due to inherent limitations of 
the method employed, or whether by tech- 
nical improvements or better knowledge of 
interpretation these pitfalls can be dimin- 
ished. Well known is the fact that a normal 
pyelogram may be obtained in the presence 
of a malignant tumor.? If a tumor starting 
in the cortex of the kidney has not yet de- 
formed the renal pelvis, we will be unable 
to demonstrate it by pyelography. It is 
immediately obvious that we are facing 
here an inherent limitation of the method. 
We should not be more disappointed about 
this diagnostic failure than we are about 
our inability to demonstrate tumors in 
other parenchymatous organs. There are, 
however, other failures of diagnostic ac- 
curacy in pyelography which we believe 
can be avoided by a more careful technique 
and interpretation. 

In this paper we shall try to demonstrate 
one possible source of error in interpreting 
pyelograms and a method of avoiding such 
errors. First, a word may be said in regard 
to the merits and the diagnostic value of 
the retrograde and intravenous methods. 
A great many papers*?*?* have been pub- 
lished evaluating the indications for either 
method and the results obtained. There is 
a surprising lack of unity of opinion in re- 
gard to this subject, as one can readily see 
by statistics published by Cumming and 
Chittenden.* 

It has been claimed that intravenous 


pyelography frequently does not give as 
exact anatomical detail as retrograde py- 
elography. We feel that by recest technical 
Improvements in intravenous pyelography, 
mainly the use of compression, the mtthod 
has been improved to such an extent that 
this claim is no longer valid. 

There have been numerous papers pub- 
lished in recent years about compression 
technique. Compression was recommended 
many years ago by Zieglér,5 but a wider 
application of the method has taken place 
only in the last several years.!:10:12,19,25,28,29 
The method of using compression varies. 
Our method consists in using a cellucotton 
roll and then the ordinary Bucky compres- 
sion band to exert considerable pressure 
over the lower abdomen in the region where ° 
the ureters cross over the rim o£ the bony 
pelvis. It is essential to apply the compres- 
sion very tightly; if this is done gradually, 
the patient does not suffer much discom- 
fort. As a rule, the compression is applied 
for about twenty minutes. This time is 
usually sufficient to give a good anatomical 
outline of both renal pelves and the upper 
portions of the ureters. If excretion is de- 
layed, or if the amount of dye excreted in 
that time is not sufficient to give a satisfac- 
tory shadow of a dilated renal pelvis, as in 
hydronephrosis, compression is sometimes 
applied longer. Then the compression is re- 
leased and the next roentgenogram is taken 
immediately. This results very often in an 
excellent demonstration of the entire length 
of the ureters, because the dye which has 
been dammed back by the compression im- 
mediately rushes down toward the bladder, 
filling the lower portions of the ureters. 
After this, roentgenograms are taken with- 
out compression. Thus the artificial stasis 
is eliminated and subsequent roentgeno- 
grams give a true picture of the phyeio- 
logical status of the renal pelves and 
ureters. Many authors object to compres- 
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sion, calling it an unphysiological method.” 
If this combined technique 1s used, the ob- 
jections to compression as an unphvsio- 
logical method are no longer valid. 

It is important to discuss briefly the 
changes in the pyelogram due to the com- 
pression itself, as they may have some 
bearing or» interpretation. It should be 
stated that in normal animals compression 
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passing, it may be noted that compression 
is often more effective on the right side 
than on the left, due to the anatomical 
differences in. the positions of the ureters.! 
As already mentioned, on the pyelograms 
taken after release of compression both 
ureters are often demonstrated 77 toto. Thi 
is the usual occurrence, and has to be con- 
sidered normal when this method is used.? 


FIG. 1. 4, normal renal pelvis with compression. B, same renal pelvis immediately after release of 
compression. Note decrease in width of pelvis and ureteropelvic junction, 


longer than forty minutes may delay ex- 
cretion of the dve./^?»^* Since the usual 
examination for diagnostic purposes does 
not exceed this time, there is no inter- 
ference with the excretion of dve. The 
calices and the pelves will appear wider 
with than without compression, but never 
to such a degree as to interfere with the 
interpretation. If one has any doubt 
whether the renal pelves are of normal 
width in a given case, comparison with the 
pyelogram taken without compression will 
be helpful (compare .7 and B, Fig. 1). In 


In pvelography without compression, a 
completely filled ureter is considered a sign 
of a pathological change, as normal peri- 
stalsis interferes with complete visualiza- 
tion of the ureter.*? 

The value of compression has been 
demonstrated bv some statistics. ^ 29.2» 
Table 1, taken from Reitan’s” article, shows 
that retrograde pyelography was superior 
to intravenous pyelographv with compres- 
sion in onlv a limited number of cases. 

Reitan” also has published a chart show- 
ing the enormous increase in urological 
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TABLE I* 


























Cases Examined Diagnostic Results Retrograde Pyelography 
Determina- 
Number =o Ess ow Examina- | Gave | — pace 
e Diseases operated | TYPE ad Bore beue nn tion unsatis- necessary - ADEM ene 
j diag- tially indefinite Poet hie oy without 
upon seta) "od |, factory correction o retrograde 
| pyelography 
— — e. 
Sum 
Renal tubercu- 
losis 49 28 | 42 14 7 | 14 |o (8, 4 of 47 * 
| which were | 
* | | controls of | 
the normal | 
| side) 
Hydro- and 12 5 8 3 | 4, aH as Ty- 4 (6) 12 
pyonephrosis | mor” diag- || | 
(without stones) nosis (large 
| kidney with- | | 
| out contrast) | | 
Stones | 67 66 66 | | | 67 
Renal tumors 19 15 18 3 l | 8 (11) 18 
Renal cysts | 4 | I 3 2 I | I © (3) 4 
Bladder tumors 3 2 2 | I | O 
| | | (2 cysto- ° 
| | graphic ex- | 
| | amination) 




















* From Reitan.” 


examinations by the use of intravenous evident that the examination has been ex- 
urographv since the technique has been tended to manv conditions which would 
perfected (Chart 1). From this chart it is not have been definite enough to warrant 


Survey of x-ray examinations of the urinary tract 
1929 - March 1936 
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e Urogrephic examinations 

of all departments 
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EJ 
Only plain films . . . . 117 137 83  Á 51 Za oA A 12: 344 
Retrograde pyelography . 7 A 22 18 l4 24 40 ll: 132 
Intravenous urography. . 0O 58 171 263 225 268 28 94: 1364 
Total no.of.examinations 124 209 284 337 268 338 370 117: 1862 
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retrograde pyelographic studies, but which, 
after examination with intravenous urog- 
raphy, turned out to have definite patho- 
logical renal changes. Our experience has 
been similar. 

The studies which are to be reported in 
this paper concern certain observations 
during intravenous urography to whose ex- 


Alice Ettinger 


JUNE, 1943 


straight borderline of the renal pelvis on 
the pyelogram actually represents the dis- 
torted anatomical borderline of this renal 
pelvis. There has been considerable discus- 
sion in the literature, particularly abroad, 
in regard to this pyelographic observation. 


Hutter": ’2t° has published a number cf 
papers on this subject, and has interpreted 





lic, 2. Æ, pyelogram taken thirteen minutes after intravenous injection of diodrast, showing a straight 
medial borderline of the renal pelvis parallel to the psoas muscle. The renal pelvis is definitely dilated. 
B, pyelogram of the same renal pelvis taken forty-eight minutes after injection, showing another inner 


borderline medial to the first. 


planation not enough attention has been 
given. The observations, however, are not 
limited to the intravenous method, but 
apply even more to the retrograde method. 

The first observation which seems to be 
of considerable interest to us concerns a 
pyelographic appearance of a renal pelvis, 
the medial borderline of which is straight 
and parallel to the psoas muscle. This is by 
no means a rare occurrence. It is more fre- 
quent in cases of hydronephrosis. We have 
seen It In a great many instances in patients 
who had more or less dilated renal pelves. 
A modern textbook of urological roent- 
genologv? shows a reproduction of such a 
renal pelvis with the following legend: 
“Hypertrophy of the psoas muscle with a 
deep renal fossa in which the kidney is 
wedged may result in a distorted hvdro- 
nephrotic pelvis." Obviously the authors 
have the conception that the medial 


the finding as evidence of an atonic state 
of the renal pelvis. He believes that in cases 
with considerable stasis the renal pelvis be- 
comes dilated and loses its tone, and there- 
fore its shape may be changed by adjacent 
structures. Ribbing,”°?" in very interesting 
papers, has contradicted this opinion. He 
believes that, at least in retrograde pv- 
elography, stagnant urine is the cause of 
this phenomenon. 

Our observations seem to agree with 
Ribbing's explanations in regard to the so- 
called “psoas border sign." In a number of 
cases of hydronephrosis, if we carried the 
examination on long enough, we were able 
to obtain a double medial borderline of the 
renal pelvis. Figure 24 represents a pvelo- 
gram taken thirteen minutes after intra- 
venous Injection of 20 cc. of diodrast, show- 
ing a straight medial borderline parallel to 
the psoas muscle. Figure 2B, taken after 
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Fic. 4. 4, pyelogram taken in supine position 
five minutes after injection of diodrast in- 
travenouslv, demonstratinga straight medial 
borderline. The calices are moderately 
dilated. B, pyelogram of the same patient 
taken thirty minutes after injection, showing 
a more dense filling and another medial 
borderline overlapping the first one. C, py- 
elogram of the same patient taken at the 
same time as B, however in prone position, 


elography is a generally accepted*idea, but layer formation can be observed quite fre- 
thé assumption is that the stagnant urine quently in retrograde as well as intravenous 
mixes and dilutes the dve, thus producing | urographv. 

a fainter shadow? We have found that In Figure 4.7 a definite “psoas border 
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more complete filling (forty-eight minutes 
after injection) shows another borderline, 
medial to the first, which conforms to the 
usual anatomical outline of the renal pelvis. 
The portion of the renal pelvis between 
these two medial borders is less dense than 
the rest. The straight first medial border- 
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renal pélvis at the time when the dye- 
containing urine outlines the renal pelvis, 
a layer formation of both fluids occurs, the 
lighter non-contrast urine collecting at the 
highest point. Therefore the medial, 1.e., 
higher portion of the renal pelvis contains 
the lighter non-contrast urine and does not 





line thus continues to be visible on account become visible on the pyelogram at the 
e 
M. Psoas ' 
' dl ANTERIOR 
Fascia praerenalis | 
e 
Colon 
x du ascen- 
/ dens 
J/ 
j 
fi 
e 
^ Fascia retrorenalis 
POSTERIOR 
M. quadr. lumb. 
Fic. 3. Cross section of abdomen at the level of the kidney, demonstrating that the medial portion of the 


renal pelvis is situated more anteriorly and rests upon the psoas muscle. 


of different density. This appearance can 
best be explained by assuming an incom- 
plete mixture of non-contrast urine and 
dye-containing urine. In order to under- 
stand this more completelv, we have to 
remember certain facts about the anatomi- 
cal position of the kidnev and the renal 
pelvis. 

From Figure 3 it is obvious that the 
medial portion of the renal pelvis lies an. 
teriorly to the psoas muscle with the pa- 
tient in the supine position, and represents 
the highest portion of the renal pelvis. 

If non-contrast urine is present in the 


beginning of the examination (Fig. 2.7). In 
Figure 2B enough contrast dye is present 
to fill also this medial highest portion of 
the renal pelvis, at least partially, and 
therefore a shadow is cast outlining the 
true anatomical borderline of this renal 
pelvis. This shadow is less dense because 
this part of the renal pelvis does still con- 
tain a small amount of non-contrast urine. 

The idea of layer formation in pyelo- 
grams is pot generally known. That there 
may be stagnant urine present in the renal 
pelvis which may interfere with obtaining 
a good roentgenogram in retrograde py- 
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Fic. §. 4, pyelogram of a renal pelvis taken in supine position thirty minutes after injection, showing definite 
so-called “psoas border sign." B, same renal pelvis taken in the prone position, showing disappearance of 


the so-called “‘psoas border sign." 


sign” Is seen five minutes after injection of 
dve. In later pvelograms, taken fifteen and 
thirty minutes after injection, the medial 
borderline becomes somewhat indistinct, 
and the straight psoas border of the renal 
pelvis seems to be overlapped bv another, 
less intense, shadow. The calices of the 
pelvis, particularly the upper one, appear 
slightly dilated (Fig. 48). A pvelogram 
taken thirtv minutes after the injection 
with the patient prone ( Fig. 4C) shows very 
strikingly complete disappearance of the 
so-called "psoas border sign," and a more 
familiar cone-shaped outline of this portion 
of the renal pelvis. Simultaneouslv the 
dense fluid has drained in this position from 
the calices, so that onlv a verv faint shadow 
of them is obtained. These pvelograms 
show clearlv that the heavv contrast dve 


shifts within the renal pelvis to the most 
dependent portions, which naturally vary 
with the position of the patient. 

The next pvelogram (Fig. 5.7) illustrates 
that filling of the renal pelvis may appear 
almost complete and still a “psoas border 
sign" may be observed, simply because of 
a minute amount of non-contrast urine 
collecting at the highest point. It disappears 
as soon as the patient is put in prone posi- 
tion (Fig. GIS). 

All the previous cases showed the “psoas 
border sign” in patients with more or less 
dilated renal pelves, but it can also be ob- 
served when the pelves are not obviously 
dilated (sée Fig. 6, Æ and B). 

An easy way to demonstrate a consider- 
able amount of non-contrast urine in a 
dilated renal pelvis was furnished bv the 
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Fic. 6. 4, pyelogram taken five minutes after injection in the supine position. B, same case forty minutes 
after injection. Note filling of the medial portion of the renal pelvis, which lies more anteriorly than the 


lateral portion in the supine position. 


case of a voung woman who had a stone at 
the lower end of the ureter (Fig. 7). A py- 


elogram taken with the patient in a lateral 
position, the ray directed horizontally, 





7. Pyelegram of a patient with a low ureteral 
stone taken twenty-five minutes after injection of 
dye. The patient is in a left lateral recumbent 
position. The rays are directed horizontally. Note 

ealmost horizontal fluid level of the dye. 


FIG. 
e 


demonstrated an almost straight upper 
borderline of the dve, the dye filling onlv 
the peripheral minor calices. The routine 
supine position showed in this instance a 
hazv outline of several clubbed calices and 
a dilated renal pelvis. 

Aside from the phenomenon of the 
"psoas border sign," there are other ob- 
servations in pyelographic studies which 
become very simple to understand if one is 
aware of the layer formation of contrast 
and non-contrast urine. For illustration, an 
instructive case may be mentioned in which 
layer formation took place in only a few of 
the calices of the left renal pelvis. This was 
a man who had for years complained of 
colicky pain in the left flank, occursing in 
attacks and radiating toward the groin. 
The clinical diagnosis was left renal stone. 
The plain roentgenogram revealed two 
stones in the left renal pelvis, a large one, 
apparently of dumbbell shape, and a 
smaller one. Intravenous pyelography 
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Fic. g. 4, layer formation of dye-containing urine and urine immediately after they were poured into the 


same container. B, the same fluids fifteen minutes later. Note that fluids have not mixed. C, the same 
fluids after stirring. Note that layer formation has disappeared. 


The patient’s urine was collected before 
intravenous injection of the dye and again 
collected at the end of intravenous pvelog- 
raphv, when the bladder contained mainly 
contrast urine, as visualized on the pvelo- 
gram. À paper cup was used and the con- 
trast urine was allowed to flow slowly 
through a ureteral catheter into the normal 
urine. After the whole quantitv of urine had 
been added, roentgenograms showed that 
the mixture was not uniform, and the fluids 
staved separated for a considerable length 
of time. 

Figure 9 illustrates this experiment with 
urine whose specific gravity was 1.027 be- 
fore injection of the dve, and 1.065 at the 
end of the pvelography. It shows laver for- 
mation clearlv, the iodine-containing urine 
forming the lower laver. It should be em- 
phasized that the experiment is successful 
onlv if the dve-containing urine is added 


cautiously, because gross motion or any 
shaking of the cup containing the fluids 
will prevent the formation of lavers. It may 
also be of interest to note that a verv soft 
exposure failed to demonstrate the slight 
difference in densities, and that a certain 
hardness of exposure is necessary for the 
demonstration of laver formation (Fig. 10). 
This may possibly explain why Ribbing? 
was unable to demonstrate layer formation 
in his experiment with the contrast urine 
obtained after intravenous pvelographv, 
while he demonstrated the lavers when 1mi- 
tating the conditions of retrograde pye- 
lographv. 

Obviously the possibility for laver forma- 
tion is present wherever the specific gravity 
of contrast urine differs sufficiently. from 
the specific gravitv of the urine secreted 
before the injection. The rather low specific 
gravity of urine in hydronephrosis may be 





& 
Fic. 10. 4, layer formation in dye-containing urine and urine. Exposure values: 43 kv., 100 ma., one second. 
B, same with softer exposure: 30 kv., 100 ma., 7/8 second. Note that this soft exposure fails to make the 


laver formation obvious. 
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A, normal appearing renal pelvis thirty minutes after injection. However, there is an ill-defined 


deposit of dye in the lower part of the renal pelvis. B, same patient twenty minutes later in the upright 
position, showing at least four dilated calices at the lower pole partially outlined by dye. 


showed that the renal pelvis on the right 
consisted of numerous minor calices, and 
that there was an apparently similar renal 
pelvis on the left side. A pyelogram taken 
thirty minutes after injection showed no 
distortion of the left pelvis in spite of the 
presence of the stone (Fig. 8.7). There was, 
however, a small amount of dye outside the 
dye-filled calices which could not be prop- 
erly localized. The patient was allowed to 
leave the roentgen table and walk about. 
A pyelogram taken twenty minutes later in 
the upright position showed four markedly 
dilated renal calices outlined by a small 
deposit of dense dye at their lower poles, 
having an indistinct upper borderline, while 
the remaining parts of these calices were not 
filled with dye (Fig. 8B). These calices were 
obviously the ones which were blocked by 
the big renal stone previously described. 
Theye contained stagnating urine and the 
amount of dye which was excreted into them 
was too small to outline completely these 
markedly dilated calices in the supine posi- 
tion. When the patient was re-examined in 
the supine position for comparison with the 
pyelogram in the upright position, there 


€ 
was not, even after ninety minutes, enough 
dve in the dilated calices to outline them 
completelv and clearlv, but the dve then 
collected only at the dependent portion, 
giving an ill-defined deposit which would 
have been hard to interpret without the 
pvelogram in the upright position. This 
case illustrates that the laver formation in 
pyelography may influence not only the 
size but the contour of the contrast shadow. 

Surprising as it may seem, laver forma- 
tion in pvelographv can be understood 
easily if one remembers that the specific 
gravity of contrast urine obtained from'a 
patient after intravenous urography is con- 
siderably higher than the specific gravity of 
the same patient’s urine before the intra- 
venous injection of dye. 

We were able to demonstrate layer for- 
mation experimentally, duplicating the con- 
ditions of intravenous urography in the 
same manner as Laurell” and Ribbing™®?? 
had done for the conditions of retrograde 
urography. Ribbing also attempted this 
experiment, but was unsuccessful. The ex- 
periment was carried out in the following 
manner: . 
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one of the factors leading to layer formation 
in this condition. However, obviously a 
more important factor than this is the stasis 
of urine in hydronephrotic renal pelves. In 
a normally functioning renal pelvis the re- 
sidual urine is quickly eliminated by the 
physiological contractions of the pelvis in 
the first stages of excretory urography. Our 
observations on intravenous urography, 
however, lead us to believe that a small 
amount of residual urine mav occur verv 
readily in a normal renal pelvis. 

In the literature laver formation in py- 
elography has been mentioned, but usually 
this phenomenon was thought of only when 
the upright position was used. Thus Hennig 
and Lechnir! recommend strongly a new 
method of demonstrating a hydronephrotic 
renal pelvis by the retrograde injection of 
small quantities of thorotrast. If pvelo- 
grams are then taken in the upright posi- 
tion, fluid levels are seen. The authors 
claim that the results can only be obtained 
with thorotrast, which, in contrast to all 
other dves used, such as uroselectan, does 
not have the property of mixing thoroughly 
with the urine. Besides Ribbing, the French 


authors Lepoutre and Monnier?' and Heitz- 


Boyer’ have observed fluid levels in retro- 
grade pyelography, and in hvdronephrotic 
kidneys following intravenous pyelography, 
by the use of the upright position. The 
authors point out that it is important to be 
familiar with the suppression of the shadow 
of the upper calix in the upright position, 
because it contains, of course, the non- 
contrast urine in this position and there- 
fore is not demonstrated in its outline on 
the roentgenogram. It mav lead to the er- 
roneous diagnosis of a pathological change, 
such as tumor defect, if one is not aware 
of this fact. 

It should be mentioned that variations 
in the method of doing pvelographic studies 
have been recommended bv various authors 
in order to avoid certain errors. Pvelograms 
in the ventral position have been recom- 
mended, or the upright position,*! particu- 
larly for the diagnosis of ptosis, or pv- 
eloscopy *? and aimed exposures,? but in 
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most instances the rationale for emploving 
these methods has been to obtain additional 
projections of the renal pelvis. In the latter 
papers no mention has been made of the 
fact that laver formation within the renal 
pelvis 1s responsible for the additional in- 
formation which is often obtained by vary- 
ing the position of the patient. We believe 
from our studies that the retention of non- 
contrast urine and its failure to mix with 
the dense dve are important factors in ob- 
taining so much additional information, if 
one varies the positions of the patient. We 
think that the use of compression and vari- 
ations in position are often of value in 
clarifying doubtful findings, especially if 
one remembers the possibility of layer for- 
mation when interpreting pyelograms. 
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VARIABILITY IN ONSET OF OSSIFICATION IN 
EPIPHYSES AND SHORT BONES OF THE 
EXTREMITIES* 


By IDELL PYLE, M.S., and L. W. SONTAG, M.D. 


YELLOW SPRINGS, OHIO 


HREE recent studies, those of Fran- 

cis? and Francis and Werle? and of 
Flecker,! have added much to our knowl- 
edge of the age when bone begins to 
appear in those cartilaginous areas which 
are to be replaced entirely by bone after 
birth. Flecker's paper was published last, 
and contains an extensive review of the 
pertinent medical and anatomical findings. 
He compares his work on time of ossifi- 
cation and fusion in epiphyses throughout 
the body with the findings on record. The 
papers of Francis and Werle are covered in 
his review so that further reviewing at this 
point seems superfluous. 

Flecker had hoped to collect all previous 
publications and include them with his own 
work in formulating a distribution scale for 
time of ossification for each center. He 
found that he could not do this because few 
of the investigators described their pop- 
ulation samplings clearly or told how many 
children were included in their studies. 
Many made statements about time of 
appearance but failed to say how thev had 
arrived at these figures. Francis and Werle 
described their group and gave the number 
of cases included, but confused the issue 
further by suggesting that only the 8oth 
percentile of the group should be used to 
calculate the mean age for onset of ossi- 
fication in each epiphysis. Flecker con- 
cludes by stating that in spite of the exten- 
sive studies published on time of ossifica- 
tion, one still has difficulty in finding a 
statement about the average time of appear- 
ance in terms which are clear enough to 
decide what the limits of normality are. 

Prior to the publication of Flecker’s 
paper we had encountered the same diff- 
culty and we agree with his criticisms. We 
found, too, that there is one idea which is 


* From the Samuel S. Fels Research Institute, Antioch College, Yellow Springs, Ohio. 
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common to all studies of ossififation time 
with which we are familiar, which confuses 
the issue as much as any idea which Flecker 
criticized. This is the universal practice of 
assessing onset of ossification in terms of 
the date when the roentgenogram is taken. 
Francis and Werle calculated their tables 
for age of appearance from the ages when 
they saw the bone center for the first time 
on a roentgenogram. Their roentgenograms 
were taken at three or six month intervals. 
Therefore an epiphysis which began to 
calcify at about four months was assigned 
the skeletal age of six months, since that 
was the first roentgenogram in which it was 
seen. All investigators, including Flecker, 
have followed the same procedure. When 
one Is setting up a standard, a large error 
is Introduced by this practice unless every 
child included in the studv has had an 
extensive series of roentgenograms taken 
at closely spaced intervals. We have there- 
fore estimated from serial reontgenograms 
on each child the actual time when each 
cartilaginous center began to be replaced by 
bone. We have found it easier to assess the 
time of appearance of a center than it is to 
judge the time of appearance of later matu- 
rational features, although the latter has 
been done successfully by Flory* and Todd.’ 
After spreading each child's series out and 
assigning epiphvseal bone age according to 
the preceding rate of development, size 
and form of the new bone center, we cal- 
culated the means given in Tables 1 and i 
from the data. Sixty-one centers were as- 
sessed. The epiphyseal centers for the 
middle third, fourth, fifth and the distal 
fifth phalanges of the toes were omitted 
because thev tend to bud directly off the 
primary center or are never formed. Phe 
norms presented here are means, not 8oth 
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Tase Í Tague Íl 
TIME AND ORDER OF ONSET OF OSSIFICATION TIME AND ORDER OF ONSET OF OSSIFICATION 
(boys) (girls) 
Coefh- Coefħ- 
cient of cient of 
Stand- Vari- Stand- Vari- 
No. Mean ard ability No. Mean ard ability 
Order of Appearance of  Agein Devia- (per Order of Appearance of  Agein Devia- (per 
Boys Months tion cent) Girls Months tion cent 
(months) "T ( months) <9 
100 X — 16004 — 
e M M 
1. Déstal femur 50 o O.1 1 Distal femur 50 o 
2 Proximal tibia 50 O.1 0.3 2 Proximal tibia 50 Gi 
3 Cuboid 50 0.5 0.7 3 Cuboid 50 0.4 
4 Head of humerus 50 0.7 0.8 4 Head of humerus 50 0.9 
*& Capitate 50 2.4 1.8 +73.1 *5 Capitate 50 2.3 Ed 95.1 
*6 Hamate 50 a4 2.2 67-2 *6 Hamate 50 2.5 2.5 qi. 
7 Distal tibia co 3-9 rs 39.4 7 Distal tibia Xe) 3-4 1.4 41.2 
8 Head of femur 50 4.4 2.0 45.9 8 Head of femur 50 NL 1.6 44.1 
*9 Lateral cuneiform 50 4.4 4.3 97.8 *9 Lateral cuneiform 50 3.8 AG 11$ 
*io Capitulum 50 6.3 4-3 68.3 *io Capitulum 50 4.1 3-6 87.5 
*11 Gr. tuber. humerus 50 11.4 3 63.3 11 Gt. tuber. humerus 50 6.6 3.3 49.4 
12 Distal fibula £o [4.05 FM 33.0 12 Distal fibula 50 9-3 2.6 28.5 
13 Distal radius 50 13.0 a9 36.2 13 Prox. 3rd finger co 10.4 j.! 29.7 
14 Prox. 3rd finger 50 16.2 $3 33.9 14. Distal 1st toe co 10.6 2.8 26.5 
15 Distal ist toe ço 16.8 5.6 $5.65 *1¢ Distal radius 50 10.8 4.4 41.1 
16 Prox. 2nd finger &c 2.1 5.0 28.9 16 Proximal 2nd finger 50 11.0 5.0 27.4 
7 Prox. 4th finger $o oa 5.4 30.8 17 Proximal 4th finger co 11.1 32:5 29.1 
18 Metacarpal i1 50 17.9 $1 28.3 18 Proximal 3rd toe 50 12.3 3.8 30.8 
19 Distal ist finger 50 18.4 6.2 33-9 1g Distal ist finger 50 12.8 5.0 38.9 
20 Prox. 3rd toe ds 19.5 AE 26.5 20 Metacarpal jı 50 12.8 3.9 29.0 
21 Prox. 4th toe 50 21.0 5.1 24.5 21 Proximal 4th toe £o 13.6 3.8 28.0 
22 Metacarpal 111 50 21.1 6.4 30.2 22 Proximal 2nd toe 50 14.1 3-8 49.3 
*23 Medial Puneiform 50 21.9 9.9 45.1 23 Metacarpal 111 go 14.2 4.0 28.4 
24 Prox. sth finger $o 25.3 5.6 25.4 24 Proximal sth finger 50 15.2 4.2 275 
25 Prox. 2nd toe $0 23.3 5.8 26.2 25 Middle 4th finger 50 15.8 4.8 30.2 
26 Metacarpal iv 50 23.6 d 29.9 26 Middle 3rd finger 50 15.9 4.9 30.8 
27 Middle 3rd finger 50 24.9 7.6 30.6 27 Metacarpal iv 50 16.0 4.1 25.9 
28 Middle 4th finger c 24.9 7.8 31.2 *28 Medial cuneifcrm 50 16.7 8.5 50.7 
29 Metacarpal v 50 26.0 8.0 30.8 29 Metacarpal v 50 7.2 is 27 wi 
3o Middle 2nd finger 50 26.9 v IS 27.8 3o Middle 2nd finger 50 17.3 ‘2 30.0 
*31 Triquetral 50 PLY 15.9 58.4 31 Distal 4th finger 50 19.9 5.9 29.8 
32 Metatarsal 1 $o 27.7 4.7 17.1 32 Metatarsal 1 50 20.1 LE. 16.6 
33 Distal 3rd finger co 27.8 6.4 25.2 33 Distal 3rd finger 50 2c.2 3-9 19.4 
34 Distal 4th finger co 28.3 7.0 24.7 34 Metacarpal 1 50 20.3 £11 26.0 
*35 Middle cuneiform $c 28.4 i2 39.4 35 Proximal ist toe 50 36.3 b. 27.1 
36 Metacarpal 1 $o 29.8 3:3 24.4 *36 Middle cuneifcrm 50 23.3 3.6 35.8 
37 Prox. Ist toe 50 29.9 5.8 19.3 37 Proximal sth toe 50 21.3 4.8 24.4 
38 Prox. sth toe $0 32.0 5.9 18.4 38 Proximal ist finger 50 21.6 Ed 23.8 
*39 Navicular (foot) 50 33.4 13.5 40.3 *39 Triquetral 50 23.6 or 57.9 
40 Metatarsal 11 50 33-4 6.1 20.4 40 Middle sth finger 50 24.9 7.9 31.7 
41 Prox. ist finger 50 34.8 7.9 22.6 41 Distal sth finger 50 kk 7.0 27.6 
42 Distal 2nd finger 48 27.0 7.9 21.4 *42 Navicular (foot) 50 25.8 It. 43.3 
43 Distal sth finger 48 37-4 "dud 19.7 43 Metatarsal i1 50 25.8 6.1 23.6 
44 Middle sth finger a9 240:3 I1. 29.0 44 Distal 2nd finger 50 25.8 6.9 16.9 
45 Metatarsal 11 47 ah. t 7.9 19.0 45 Metatarsal 111 50 29.1 6.4 21.9 
46 Gt. troch. femur 48 42.6 7.6 17.9 46 Gt. troch. femur 50 29.8 6.4 21.5 
*47 Lunate 48 46.0 19.3 42.3 47 Distal 4th toe 50 30.7 7.9 25.9 
48 Proximal fibula 46 47 <0 11.8 25.2 48 Proximal fibula 50 32.6 9.3 28.5 
49 Metatarsal iv 46 48.7 9.9 18.5 49 Distal 3rd toe 50 32.8 3.53 23.6 
50 Distal 4th toe 44 $1.2 10.1 19.8 so Metatarsal iv 50 34.0 yam. 21.2 
şı Patella 3 51.9 11.6 22.4 *st Lunate 50 34.6 14.2 41.1 
$2 Distal 3rd toe 44 63.5 11.2 20.9 $2 Patella 43 34.8 8.5 24.6 
53 Metatarsal v 45 63.6 10.6 19.7 $3 Distal 2nd toe 50 35.5 i3 20.6 
$4. Distal 2nd toe 41 $7.0 13.4 20.0 £4 Metatarsal v 50 38.6 9.4 @21.7 
«6$ Navicular hand 38 60.1 14.1 23.4 55 Med. ep. humerus 47 41.3 9.9 24.1 
*56 Proximal radius 37 63.5 [9.2 27.1 *s6 Greater multangular 46 47.0 14.8 mno 
*£7 Greater multangular 39 64.3 1. 7 38.5 £7 Proximal radius 46 43.5 12.1 25.4 
33 Lesser multangular 3 64.4 $4.5 23.6 s8 Navicular hand 45 47.8 12.3 25.7 
sg Med. ep. humerus 37 73.6 7.5 23.8 *sg Lesser multangular 44 48.3 14.8 30.6 
60 Distal ulna 31 82.4 10.6 12.9 6o Distal ulna 42 63.2 AE i43 
61 Epiph. calcaneus 31 29.6 14.0 15.6 61 Epiph. calcaneus 42 63.7 11.8 18.4 
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percentiles such as have sometimes been 
used by other investigators in constructing 
norms for ossification. 

We have not found evidence that illnesses 
common to this age level have a specific 
delaying action on all centers which are 
dae to calcify just at the time when the 
illness occurs. Our means and deviations 
are being used to test this point further. 


CHILDREN INCLUDED IN THE GROUP 


Sixty-four boys and 69 girls were in- 
cluded. Thev are all white, are American 
born, and are selected from the Fels Re- 
searth Institute children solely on the basis 
of the completeness of their roentgen series 
They tend, as a group, to be better than 
average in health, mental development and 
social and economic endowment. They do 
not, however, represent any one economic 
class and are not to be regarded as repre- 
senting only a privileged group. 

We restricted the number of assessments 
for an epiphysis to 50 for each sex in order 
not to weight the earlier appearing centers 
unduly, since some of the children are too 
young to have acquired all 61 ossification 
centers. No child was used just once. 

The order of ossification is much the same 
for the average as for the 8oth percentile, 
or 20th percentile, with a few significant 
exceptions. It has long been suggested that 
the irregular bones of the hand and foot 
appear in atypical order in relation to other 
centers when growth is either markedly 
accelerated or greatly retarded. The degree 
of variability in time of appearance of each 
center is expressed in Tables 1 and rri in 
terms of standard deviation and coefficient 
of variability, the latter being a function 
of standard deviation and mean (coefficient 
of variability = rooXsp/M). Within +1 
standard deviation from the mean age in 
months for any center, approximately 68 
per cent of the children will have acquired 
an ossification center. Therefore if calci- 
fication begins in an epiphysis more than 
I s.D early or late the center must be 
considered as falling in the most advanced 
or most retarded 16 per cent of our group 


Variability in Onset of Ossification in Epiphyses 


191 


as the ca$e mav be, as regards the actual 
age for onset of ossification for that epiph- 
vsis. It is obvious that those centers due 
to appear at four years may vary more in 
actual months (and therefore have a larger 
standard deviation) than those due at 
four months, but the percentage variation 
is less. For example, the head of the femur 
in boys, due at 4.4 months is much de- 
layed (nearly 50 per cent) if that is notseen 
by 6.4 months while the fourth metatarsal 
due at 48.7 months is only about 4 per cent 
late if delayed two months. Therefore, 
coefficients of variation tend to decrease 
as one follows down the list of centers from 
the earlier appearing centers to the late 
ones. The tendency to greater variability 
in onset of ossification of carpal and tarsal 
bone centers as contrasted with epiphyses 
of long bones is shown by their greater 
coefficients of variability and greater stand- 
ard deviation as compared with other 
centers due to appear at comparable ages. 
We have starred these centers in Tables 1 
and rr. The capitate and hamate in boys 
have coefficients of variability of 73 per 
cent and 67 per cent respectively as com- 
pared with 38 per cent and 46 per cent for 
distal tibia and head of femur. Similarly at 
a later age level triquetral has a coefficient 
of variability of 58 per cent compared with 
28 per cent and 17 per cent for middle 
second finger and the first metatarsal 
appearing at about the same ages 


SUMMARY 


Tables of time of ossification, including 
means, standard deviations and coefficients 
of variability, are calculated bv inter- 
polation for sixty-one centers. The material 
used for the compilation of these data con- 
sisted of serial roentgenograms of all ex- 
tremities of the left side, on 64 white boys 
and 69 white girls, many of whom have 
been roentgenographed from birth to the 
age of nine years. Standard deviations and 
coefhcientg of variability are presented. 
Carpal and tarsal bones are definitely mere 
variable in time of appearance than are 
true epiphyses. Nevertheless, there is no 


798 Idell Pyle and L. W. Sontag fuii, osi 


marked difference in order of ossification in graphic methods. Am. J. ROENTGENOL. & Rap. 


advanced or retarded children or those THERAPY, 1942, 77, 97-159. 


(Y . Francis, C. C. Factors influencing appearance of 
growing at an average rate. The sex differ- dpt pb node ob duit 
= = centers of ossification during early childhood. 


tw 


ences in order of ossification given in Tables Am. T. Dis. Child., 1940, 59, 1006-1012. 

I and 11 seem to us to be largely artifacts of 3. Francis, C. C., and Werte, P. B. Appearance of 
sampling. We have not been able to find centers of ossification from birth to 5 years. 
adequate evidence of the specific delaying Am. f. Phys. Anthrop., 1939, 24, 273-299. © 


action on «ertain centers, of illness occur- + "LORY: C. Hi. Osseous Development in the Hand 
. as an Index of Skeletal Development. Mono- 


ring Just previous to calcification of these graphs of the Society for Research in Child De- 

centers. velopment. 1936, 7, No. 3, 1-141. 
REFERENCES s. Topp, T. W., and others. Atlas of Skeletal Matu- 

ration. Part 1. Hand. C. V. Mosby Co., St. 


1. FrEeckEn, H. Time of appearance and fusion of 
Louis, 1937. 


ossification centers as observed by roentgeno- 


8oo 


e 
ondary atrophic changes occurring after 
treatment must be borne in mind. 

Figi, of the Mayo Clinic, reported in 
1929 the treatment with radium of 13 cases 
of multilocular lymph cysts of the neck. 
The dosage used was 3,000-7,000 mg-hr. 
at 2.5 cm. distance and 2 mm. lead screen- 
ing, which*was repeated every two to three 
months up to as many as nine treatments. 
Thrée of the 13 cases were entirely well 
at the time the report was made, 2 had 
regressed, 1 showed no change, and 7 died 
of acute infection of the tumor while treat- 
ment was being carried out. (It should be 
noted, however, that 4 of the last group 
were infected before treatment was begun.) 

Andrews? in 1938 had treated 8 cases of 
lymphangioma circumscripta, but none of 
the cavernous type. In 1940, he? supple- 
mented his earlier report with the conclu- 
sion that these tumors did not respond 
favorably to radium treatment, although 
exceptions to the rule were possible. 

An extensive study of the treatment of 
41 cases of lymphangioma at the Memorial 
Hospital, New York, was reported in 1940 
by Watson and McCarthy.? In general, 
they advocate surgery followed routinely 
by irradiation in order to control recur- 
rence and prevent keloid formation. If 
removal of the tumor was incomplete radon 
seeds might be planted in the remaining 
portion. Seventy-seven per cent of the 
cases so treated improved; in 4, the tumor 
recurred and required a second operation. 
Eighteen cases were treated by irradiation 
alone and all developed marked skin dam- 
age. In 35 per cent the results were good; in 
25 per cent, poor. These authors considered 
cystic hygromas of the neck as a separate 
group, in which, up to 1929, they had had 
a mortality of 54 per cent with radium 
treatment. Later their results were more 
satisfactory with the injection of sodium 
morrhuate before irradiation. If this treat- 
ment failed surgery was resorted to; if 
surgery was incomplete irradistion was 
given in some instances. 

Stewart and Farrow? in a discussion of 


George W. Holmes and Lloyd E. Hawes 
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the radiosensitivity of tumors acknowledge 
that lymphangiomas are more resistant 
than the hemangiomas, and that while the 
superficial small lesions of the extremities 
show a certain sensitivity, the deep lesions 
are definitely resistant. They do not en- 
courage radiation treatment of cystic 
hygromas. 

Cutler, Buschke and Cantril? believed 
that treatment of cystic hygromas should 
be limited to careful surgical excision. 

MacKee? in 1938 reported 3 cases which 
had been treated without resultant change 
in the tumor. 


REVIEW OF CASES 


We have examined the records of i2 
cases treated with roentgen rays or radium 
at this hospital during the years 1930 to 
1940 (Table 1), after which time radiation 
treatment was replaced by surgery as a 
general procedure. In 2 cases only was the 
diagnosis confirmed by biopsy. Histopatho- 
logical classification 1s therefore impossible, 
but the clinical diagnosis is probably 
correct in a high percentage of the group. 
The use of the biopsy as a means of diag- 
nosing lymphangioma probably should be 
discouraged since the findings are often 
inconclusive and because fatalities not 
infrequently follow infections. 

Three patients had one treatment only, 
and were not seen again in the clinic. They 
are not included in Table r. Of the group 
of 12 cases, 7 showed no benefit from the 
treatment, and 4 showed a partial dis- 
appearance of the lesion. However, the 
dose required to produce this result also 
caused some permanent damage to normal 
tissues. One case in which the lesion was of 
the verrucous type showed a satisfactory 
response although the dose given was well 
below that likely to cause injury to normal 
tissue. 


CONCLUSIONS * 


The results of this review seem to be 
quite definite. There is only one form of 
lymphangioma, the verrucous type of 
lymphangioma simplex, which responds 
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RADIATION TREATMENT OF LYMPHANGIOMA* 


By GEORGE W. HOLMES, M.D., end LLOYD E. HAWES, M.D. 


BOSTON, MASSACHUSETTS 


YMPHANGIOMA is a rather uncom- 
mon tumor which is relatively easy 
te diagnose but extremely difficult to 
treat. It is usually seen in children or young 
adults, and frequently causes disfiguring 
deformities which are a source of great 
anxiety to the parents and to the patients. 
The physician called to treat such a patient 
is confronted with a most difficult prob- 
lem. Any of the procedures advised at the 
présent time may result in unsightly scars, 
and those which require repeated punctures 
of, or injections into, the tumor may cause 
an infection which is sometimes fatal. The 
radiologist not infrequently attempts the 
treatment of these tumors without fully 
realizing the seriousness of the problem. 
The fact that lymphangioma resembles 
hemangioma, a tumor known to respond 
well to irradiation, and that the name sug- 
gests a radiosensitive tumor, may lead him 
to make a much too favorable prognosis, 
or to attempt the treatment of the patient 
without consultation or consideration of 
other methods of treatment. When, as so 
frequently happens, the results are un- 
satisfactory he may find that both his Judg- 
ment and his treatment are discredited. 
The unsatisfactory results obtained with 
irradiation of these tumors at this hospital 
has led us to review the literature regard- 
ing the treatment of lymphangioma and to 
report the result of irradiation in 12 treated 
cases. 


CLASSIFICATION 

In general, the term  lvmphangioma 
includes a considerable variety of slow 
growing, usually congenital tumors occur- 
ring in skin, subcutaneous and deep are- 
olar tessues; but occasionally invading the 
muscles of neck, tongue, lip and other 
structures. Single or multiple lesions occur. 
Histologically they are composed of di- 
lated lymph vessels, the walls of which are 


formed of endothelial cells and fibrous 
tissues. Three distinct forms have been 
described. 

Lymphangioma simplex occurg chiefly in 
the skin, and is composed of an anastomos- 
ing network of vessels or spaces of small or 
medium caliber. They may or may not 
show evidence of cell proliferation. 

Lymphangioma cavernosum consists of a 
system of closed lymph spaces lined with 
endothelium, and containing fluid or coag- 
ulated lv mph. 

Lymphangioma cysticum consists of a 
collection of cysts of varying size, lined 
with flat endothelium and containing 
lymph. 

Of the three forms, the cavernous is the 
most common. Some pathologists and most 
clinicians describe two additional forms 
the verrucous, which is composed of new, 
imperfectly formed lymph vessels, and is 
a true tumor; and the cystic Avgroma, a 
form which usually arises in the neck ex- 
tending upward toward the parotid and 
ear, and downward to the supraclavicular 
fossa and even into the mediastinum. 

REVIEW OF LITERATURE 

In 1927, Andren! reported the results of 
radium and roentgen irradiation in 11 cases 
of lymphangioma all of which were caver- 
nous and subcutaneous; no biopsies were 
taken. Of the 7 cases treated with radium, 
5 were children; their condition was uñ- 
changed. One adult was cosmetically re- 
stored although an inflammatorv reaction 
of the second degree was produced bv the 
treatment; 1 showed improvement. Four 
cases were treated by roentgen irradiation, 
given in repeated series, using 0.5 mm. 
copper filtration. Only 1 of these improved 
under treatment. Of the entire group, 7 
cases (64 per cent) were unchanged. Andren 
concluded that (1) the radiation must be 
stronglv filtered; and (2) the risk of sec- 


* Department of Radiology, Massachusetts General Hospital, Boston. 
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Radiation Treatment of Lymphangioma 


TABLE I 


80I 


PATIENTS TREATED WITH ROENTGEN OR RADIUM IRRADIATION FOR LYMPHANGIOMA AT THE 
MASSACHUSETTS GENERAL HOSPITAL 1930-1940 








Roentgen| Surgery 


Im- 
proved 


Unim- 
proved 


Results 


am————M h —M——— | —MÁMÓ—M—— | NEN | M] —— | M Án iii i 














MIHI nn I HH Ponens T È c e e itte D eai trii attain PN) ines e m, 


Lymphangioma of orbit. Radium, ro ef- 


Small skin lesions; given ulcer dosetreat- 
ment 


No improvement 
No improvement 
Verrucous type; much improved 


No improvement 


fect; good surgical result 
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Radium result fair 


Roentgen treatment failure; surgical re- - 


sult fair 9 


Cheek and orbit. Roentgen treatment 


failure 


Some improvement under prolonged 
roentgen and radium treatment 


Roentgen and radium treatment; skin 
damage 


No improvement 





favorably to irradiation when given in 
doses which do not cause permanent injury 
to normal tissue. All other forms either do 
not respond at all or require a dose larger 


than can be given with safety. 


Infection is a real hazard in the treat- 


ment of these cases, particularly 
large tumors of the neck. For this 


in the 
reason 


the taking of biopsies and the insertion into 
the tumor of radium in the form of seeds 


or needles should be discouraged. 


ms 
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NEW TYPE OF RADIUM LOADING 
PROTECTIVE DEVICE 


By ANDREW H. DOWDY, M.D.,* BENJAMIN DvBILIER, M.D.,t and 
| DEAN B. COWIEt 


INTRODUCTION 


v 
E Pu survey of the radiation pro- 


tection in forty-five hospitals in a total 
of twenty-four states by Cowie and Scheele! 
has revealed some startling facts. Fourteen 
of the hospitals included in the survey were 
without a radium loading protective device. 
In ten others the loading device was con- 
structed of lead less than.2 inches thick, 
several of these being only 1/16 or 1/8 inch 
thick. Special instruments for the handling 
of radium were lacking or inadequate in 
twenty-five institutions. Radium storage 
safes were borderline or:1nadequate in 
twenty-nine instances. In the majority of 
the hospitals the radium was transported 
to and from the radiological department in 
inadequate or makeshift carriers. 

A number of factors are responsible for 
the aforementioned defects: (1) a failure on 
the part of the radiologists to appreciate the 
relative high degree of exposure in roentgens 
an individual may sustain to the body and 
hands in the careless handling of radium; 
(2) most long handled instruments are cum- 
bersome and time consuming in operation 
and therefore are not used; (3) the cost of 
adequate equipment in many instances has 
been a deterring factor. 

It is the purpose of this paper to describe 
a new type of radium protective device 
and accessory instruments for the loading 
and unloading of radium applicators. This 
equipment and the technique to be dis- 
cussed, we believe, will overcome the criti- 
cisms we have enumerated. The equipment 
is simple in construction, easy to operate, 
and enables speedy preparations of radium 


1 Cowie” D. B., and Scheele, L. A. Survey of radiation protec- 
tion in hospitals. J. Nat. Cancer Inst., 1941, 1, 767—787. 





applicators. At all times there is a lead 
screen interposed between the ragium and 
the operator's body and hands. The actual 
exposure in roentgens to the body, hagds, 
and finger tips 1s extremely small and far 
below that of any previously published 
data. 


A COMPARISON OF EXPOSURE BETWEEN OLD 
TYPE RADIUM LOADING PROTECTIVE 
DEVICE AND NEW TYPE DEVICE 


A study of Chart 1 clearly demonstrates 
the difference in the exposure factor in 
roentgens between the new and the old type 


A MEASUREMENTS MADE WITH OLD RADIUM "ELL" 


ems TIME 
FOR 
LOADING 


EXPOSURE 
TO BODY 
IN LOADING 


EXPOSURE 
€r0 HANDS 
IN LOADING 


TYPE OF 


APPLICATOR R i un 


T-TUBE AND IS MINUTES] oos r | oss r 
COLPOSTAT (ESTIMATE) 


MEASUREMENTS MADE WITH NEW RADIUM "ELL" 


EXPOSURE EXPOSURE 
TYPE OF oe TIME FOR | lee: BODY TO HANDS 
APPLICATOR LOADING AND IN Loane [iN LOADING 
AGE UNLOADING [AND UNLCADING|AND UNLOADING 
T-TUBE A 
ii 55MINUTES| ooo! r | 0.008 r 
(MEASURED) 


COLPOSTAT 
CHART I 


of protective device used at the Department 
of Radiology, University of Réchester 
School of Medicine and Dentistry, and the ` 
Strong Memorial Hospital, Rochester, New 
York. The exposure in roentgens shown in 
Chart 1A represents the exposure sustained 
while /oading the T-tube and colpostat. The 
time consumed in the process of loading is 
an estimate. In Chart 15 the exposure in 
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BODY AND FINGER EXPOSURES IN SELECTED 
CASES DURING ASSEMBLY OF RADIUM TANDEMS FOR 
INTRA-UTERINE INSERTION. 
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CHART II 


roentgens represents that sustained for doth 
the /oading and unloading of the respective 
applicators. The entire process was timed 
with a stop watch. While there was approx- 
imately only 1.5 times as much radium used 
with the old device as with the new device 
(110 mg. and 75 mg., respectively), yet 
there was go to 70 times the exposure using 
the old device as compared with the new de- 
vice. The exposures shown in Chart 15 are 
especially significant when contrasted with 





those obtained by Cowie and Scheele from 
representative measurements in their sur- 
vey (Chart i1)? 

Our old type of protective device had no 
sides, and the back and bottom were con- 
structed of 1 inch of lead (Fig. 1). The ab- 
sence of lead sides permitted a direct ex- 
posure of the hands and fingers from the 
radium in the protective device. The temp- 
tation to work with short handled instru- 
ments was great and practically impossible 
to prevent with inexperienced workers. 

The safety factor of £o to 70 times over 
the old type of protective device has Deen 
made possible by the construction of a de- 
vice which is (1) completely surrounded by 
iead except in front (the open side opposite 
the body, Fig. 3); (2) the back and bottom 
have been increased from 1 inch to 2 inches 
of lead; (3) the radium and the loaded ap- 
plicators are manipulated by remote con- 
trol; (4) the design of the new device and 
accessory instruments makes it possible to 
greatly shorten the time necessary to load 
and unload the radium applicators. 


? By courtesy of Cowie and Scheele and the Journal of the 
National Cancer Institute. 


. d . " . * . * * a . Lo 
lic. 1. Back and front views of old radium loading protective device. Note lack of lead side walls. The back 
and bottom are composed of lead 1 inch thick. There is no plywood covering for back of device. 


VoL. 49, No. 6 


GENERAL DESCRIPTION OF NEW RADIUM 
PROTECTIVE DEVICE 
The old type of protective device (Fig. 1) 
should be contrasted with the new device 
(Fig. 2 and 3). The top, back, and bottom 
of the latter consist of lead 2 inches thick, 


e i " i : 
as And the side walls of lead 1 inch thick. On 


the left hand side of the bottom is a vise 
with a universal joint, the remote control 
handle of which passes through the left side 
wall of the contrivance. The hole in the lead 
wall is just sufficient in size to permit the 
passage of a small solid brass shaft. There 
IS QUI 1/2 inch thick lead collar (Fig. 3, /) 
vu hts over the remote control shaft 
just inside the left wall of the device to 
block any radiation which may pass through 
the hole in the wall. A similar hole is in the 
right side wall on a level with the jaws of 
the vise, for the introduction of the long 
handled radium instruments. Each instru- 
ment operated through this hole is con- 





lic. 2. New radium loading protective device, 
back and side views. 


Radium Loading Protective Device 





lic. 3. Front view of new radium loading protective 
device showing radium being placed into cross 
arm of T-tube. a, long handled radium instrument; 
b, long handled curved forceps; c, radium being 
placed into cross arm of T-tube; d, intra-uterine 
portion of T-tube; e, radium well; f, lead collar on 
remote control shaft of vise; g, handle for opening 
and closing vise; 4, 1 inch lead side wall. 


structed of a small solid brass rod 12.8 in- 
ches in length (Fig. 4), one end (head end) 
of which is drilled out to accommodate the 
various sections of the radium applicators. 
Near the handle it has a 1 1/2 inch lead 
collar fixed to the shaft to block the emis- 
sion of radium rays which may pass through 
the hole in the right side of the device. 


DISCUSSION OF TECHNIQUE USED WITH 
NEW DEVICE a 

Before any radium is placed in the well 
(lead box or block) of the loading device, 
the first section of the applicator is placed 
horizontally between the jaws of the vise 
and held firmly in place by turning the 
remote control handle at the left side of the 
device which adjusts the jaws of the vise. 
The next section of the applicator is then 
fitted into the hollow or head end of the 
long handled radium instrument. The,head 
end is then passed through the hole in the 
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e 
Fic. 4. Accessory instruments for handling radium. 7, 2, 3, and 4 are long handled instruments with a hollow 


head forthe reception of the various sized portions of T-tube and colpostat; 5 is long handled curved ra- 
dium forceps. a, threaded end of section of applicator; 4, section of applicator in head of instrument; ve, 
cap to colpostat in head of instrument; d, removable head; e, small sized head; f, 15 inch lead collar on 
shaft near handle of instrument; g, handle of instrument. 


right side of the block. The well con- 
taining the required amount of radium 1s 
then placed in the device, and by means of 
a long handled forceps curved at almost a 
right angle (Fig. 3 and 4) the radium is 
placed into the first section of the applica- 
tor, which is then screwed into place (Fig. 5). 
The joint of the forceps should be a box 
joint to insure stability and proper approxi- 
mation of the tines at the tip. The radium 
loading instrument is withdrawn from the 
device, another section placed in the hollow 
end, and the process repeated until the en- 
tire multisectional applicator is loaded and 
assembled. If the applicator happens to be a 
straight lead tube a little different technique 
is necessary. The tube of required length is 





of long handled instrument; d, assembled sections 


LÀ 
" of intra-uterine portion of T-tube; e, radium well; 
Fic. 5. Cap to cross arm of T-tube is being screwed f, lead collar on remote control shaft of vise; g, 
in pce. a, handle of long handled radium instru- handle for opening and closing vise; A, lead side 
ment; 4. lead collar on shaft of instrument; c, shaft wall. 
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made and the base secured in the vise in a 
vertical position. By using the long handled, 
curved forceps, the radium is introduced 
until the applicator 1s loaded. 

At no time are the hands and fingers di- 
rectly exposed to the radium. The hands are 
at all times at least 12.8 inches away from 
the radium. To touch the latter with the 
fingers would have to be a deliberate and 
very awkward act. 

The ease of manipulation of the new 
equipment with practice has reduced the 
time of loading by one-third to one-fifth 

that with the older technique. This has 
resulted in a marked reduction in actual ex- 
posure. In addition there is the added pro- 
tection afforded by the lead sides and the 
necessarily increased working distance of 
the hands from the radium. 


TESTS SHOWING EXPOSURE IN ROENT- 
GENS WITH VARIOUS APPLICATORS 
AND AMOUNTS OF RADIUM 


Chart 111 shows the measurements ob- 
tained while loading and unloading four 
different types of radium applicators. The 


ee EXPOSURE IN P TO THE 

MINUTES RE- 

QUIRED ro (INDIVIDUAL WHILE LOADING 
AND UNLOADING APPLICATORS 

LOAD / UNLOAD vena 


PA 
APPLICATOR. FOR A SINGLE TIENT. 


APPLICATOR 


T- TUBE 
(CARCINOMA 
OF CERVIX) 


COLPOSTAT 
(VAGINAL 
FORNICE 5) 
STRAIGHT TUBE 
(INTRAUTERINE 
TANDEN) 
RADIUM PLAQUE 
[SKIN LESIONS, 
CONTACT) 





CuaRT III 


number of milligrams of radium used in 
each individual applicator 1s indicated in 
the chart, but at all times during the meas- 
urements there was a total of 215 mg. of 
radium in the well of the protective device. 
We do not advise having more radium 1n the 
well than is to be used in any one preparation. 
This excess amount was placed in the well 
during these measurements to show the high 
degree of efficiency of the device and acces- 
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“EXPOSURE IN t^ TO THE 
INDIVIDUAL WHILE LOADING 
AND UNLOADING APPLICATORS 
FOR A SINGLE PATIENT 


FOREARM | FINGER TIPS 


75 MG. | 0.004 | 0.006 
9 
e 
75 MG. 008 


CHART IV 









APPLICATOR 


T-TUBE AND 
COLPOSTAT 

WITH TOTAL OF 
215 MG. RADIUM 
ON BLOCK. 
T-TUBE AND 
COLPOSTAT 

WITH NO ADDI- 
TIONAL RADIUM 
ON BLOCK. 











sory instruments. The time and exposure 
include the loading and unloading, and re- 
distribution of radium. The timing was 
done by stop watch. The exposures for the 
body, forearm, and finger tips were meas- 
ured with three 0.25 r full scale chambers, 
each division on the scale representing 
0.005 r. The chamber measuring the body 
irradiation was strapped to thee back of 
the device at the level of the chest. The 
measurement for the forearm was obtained 
by strapping a second chamber to the me- 
dial aspect of the wrist of the operator and 
a third chamber was held at the finger tips 
of the operator by a second individual. 

In order to show the minimal exposure 
in roentgens under ideal loading conditions 
the measurements in Chart Iv were taken. 
Here the multisectional, intra-uterine T- 
tube and colpostat containing a total of 75 
mg. of radium, with a total of 215 mg. of 
radium in the well on the radium block, 
were loaded and unloaded. The procedure 
was then repeated with only 75 mg. of 
radium in the well. Here one notes three to 
four times less expostire in the latter pro- 
cedure over the former. We strongly rec- 
ommend the latter procedure in all instances. 


THE VALUE OF THE NEW RADIUM 
PROTECTIVE DEVICE AND TECHNIQUE 
JN A GENERAL HOSPITAL 


The Strong Memorial Hospital and Roth- 
ester Municipal Hospital, with a combined 
bed, capacity of approximately 550 beds, 
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e 
during 1940 cared for 401 cancer patients 


admitted to the various services during the 


vear. Chart v represents the number of 


times the various applicators were used with 






RADIUM APPLICATIONS USED IN 

STRONG MEMORIAL HOSPITAL AND 
ROCHESTER MUNICIPAL HOSPITAL 
IN 1940 
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| 4 | INTERSTITIAL NEEDLE S 
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SPECIAL APPLICATORS FOR 
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7| SPECIAL APPLICATORS FOR 
UROLOGY 
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a total of 482 different treatments. There 
were 33 special otological applications and 
349 urological applications. In these in- 
stances the radium is kept in special appli- 
cators which are not loaded and unloaded 
so that handling is almost entirely avoided. 

The annual exposure from radium for the 
year 1940, not including the special otolog- 
ical and urological treatments, is shown in 


AVERAGE 
TYPE OF AMOUNT EXPOSURE | EXPOSURE | EXPOSURE 


APPLICATION TO TO TO 


AND TIMES USED OF RADIUM BODY FOREARM FINGER TIPS 


AT EACH 
nihi APPLICATION 


26- T-TUBE 75 MG. 
AND COLPOSTAT 


TOTAL ANNUAL 
EXPOSURE 
IN" r 


AVERAGE 


"E EXPOSURE 


l4 - 10-2M6 
NEEDLES 


CHanr VI 


Andrew H. Dowdy, Benjamin DuBilier and Dean B. Cowie 





JUNE, 1943 


Chart vi. Here it is seen that the average 
daily exposure to the body is 0.0007 r; to 
the forearm, 0.0012 r; and to the finger tips, 
0.0055 r, provided that the same individual 
assumed full responsibility for all radium 
preparations. 

Exposure from loading and unloading % 
T-tube and colpostat represents the great- 
est exposure from any combination of ap- 
plications we are called upon to prepare 
(Chart 111). If we suppose that we received 
this same exposure from each of the 482 
preparations, which certainly is not true, 


we would have received an annual exposure 





















TOTAL EXPOSURE IN f* FOR 1940 IN 
LOADING AND UNLOADING APPLICATORS 
ASSUMING THAT A SINGLE INDIVIDUAL 
DID ALL THE WORK. 


BODY FOREARM  |FINGER TIPS 


0.482 0.964 3.856 


CHART VII 
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far less than what is still considered to be 
the maximum safe level. If exposure from 
loading and unloading the T-tube and col- 
postat without additional radium in the 
well (see Chart 1v) is multiplied by 482, we 
should get an annual exposure to the bodv 
of 0.482 r; to the forearm of 0.964 r; and to 
the finger tips of 3.856 r. This gives us an 
average daily exposure to the body of 
0.0013 r; to the forearm of 0.0026 r: and to 
the Anger tips of o.o105 r (Chart vir), pro- 
vided the same individual assembled and 
disassembled all the applicators, which is 
not true in most institutions. 

From these data, obtained from actual 
measurements of time and exposure in 
roentgens for each of the several representa- 
tive applicators and then multiplied by the 
actual number of times these applicators 
were used in the year 1940, we note a very 
low average daily exposure. It seems that 
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in the average general hospital of like size 
and activity the same individual could 
handle all the radium and very nearly ap- 
proach an average daily exposure of 0.005 r. 
Such an ideal can be approached if the de- 
partment 1s so organized as to permit a ro- 
fation of the personnel responsible for the 
preparation of the radium applicators. 


CONSTRUCTION OF NEW RADIUM 
PROTECTIVE DEVICE 


Figure 6 shows an isometric drawing rep- 
resenting a view of back, side, and top. 
Figure 7 represents a view showing side, 
front, and interior. In this latter view can 
be seen the location of the vise, universal 
joint, and lead collar on remote control 
shaft. The corners of the interior are all re- 
inforced with additional lead which makes 
a total thickness in these areas of 3 inches. 
. In the actual construction four metal 
forms can be made representing back, side, 


/*x 4*x 4" Leaded Glass 
fo go in window. 





hy 


Fic. 6. Isometric drawing of new radium loading pro- 
tective device showing a view of side, back and 
top. 
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e 
bottom, and top according to specifications 
in the isometric drawings. These forms are 
filled with molten lead. After cooling and 
removal of the forms, the respective parts 
are set in place and fused with a blow torch, 
the corners are then filled with molten lead 





Frc. 7. Isometric drawing of new radium loading 
protective device showing side, front and interior 
views. 


by means of a blow torch to fill in any possi- 
ible crevices and £o add structura] strength. 
In making the form for the top, a window 
must be left which 1s 4 by 4 by 1 inch and 
open to the front edge, with a 1 by 4 by 4 
inch opening on front and back surface of 
top to accommodate the 4 inch square lead 
glass window. To minimize the cost of con- 
struction, the window has been reduced to 
this size from a much larger window in our 
present model. Should a larger sized piece 
of lead glass be available or should this 
additional expense not be an objectien, we 
feel that the larger size is somewhat more 
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advantageous. We have noted a ‘tendency 
for the smaller window to fog from the op- 
erator’s breath if the room is cool. The de- 
vice should be radiographed by using 200 
mg. of radium for about twelve hours and 
placing film all over the outside surfaces 
and corners, to detect holes. 

The hok in the left wall to permit the 
passage of the solid brass remote control 
shaft is now made. The vise is securely 
screwed to the base of the contrivance to- 
ward the left side and forward. A small 
soft piece of leather is glued to the approxi- 
mating surfaces of the jaws of the vise to 
prevent crushing of the applicators when 
the grip of the vise is tightened. The lead 
collar is now placed over the inner end of 
the remote control shaft and secured in 
place. A brass bearing is placed in the hole 
in the wall through which passes the shaft 
of the remote control handle. The outer end 
of the shaft is now passed through the left 
wall and a small wheel secured to its end 
so that itecan be grasped with the left hand 
for opening and closing the vise. The hole 
on the right side is to permit the passage of 
the head of the long handled instruments 
which manipulate the radium applicators. 

The entire outside of the device, with the 
exception of the bottom and aforementioned 
apertures, is covered with 1/4 inch of ply- 
wood, which not only protects theoperator's 
body from some of the soft secondary radi- 
ation from the lead produced by gamma- 
ray bombardment but also gives a finished 
appearance. 

. Following is an itemized account of the 
cost of rgaterial used in gonstruction. The 
actual construction was carried out in our 
hospital machine shop. 


Lead— 536 lb. at $0.08 per lb......... $42.88 
Lead glass—16 sq. in. at $0.36 persq.in. — 5.76 
Vis sons Kaas Sekt eS dee RSE TIS 3.85 
Material for accessory instruments, etc. 5.10 

Total cost of material... 14.2.5 $57.59 
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DISCUSSION 

The need for better and more general 
knowledge of the danger in the handling of 
radium is again called to the attention of 
radiologists. The increasing use of radium, 
both medically and commercially, will in- 
crease the exposure hazard to the personrftl 
involved in its supervision and care. We 
have described a new type of radium load- 
ing protective device and discussed a tech- 
nique which enables the rapid loading and 
unloading of the various radium applica- 
tors with a minimal exposure. The actual 
exposure in roentgens for loading and un- 
loading the various applicators has beeifpre- 
sented in conjunction with a comparison of 
the exposure received from an old type of 
protective device. 

The increased safety factors with the 
former is possible because of three factors: 
(1) increased lead protection; (2) the neces- 
sary relatively long working distance of the 
of the body and hands from the radium, 
and (3) the increased speed which can easily 
be developed in the loading and unloading 
process. 

The average daily exposure factors in 
roentgens from the handling of radium in a 
hospital of 550 beds in 1940 has been ascer- 
tained. 

CONCLUSIONS 

1. A new type of radium loading protec- 
tive device is described which is cheap in 
construction and efficient in time saving and 
in effecting a low exposure in roentgens to 
the operator. 

2. We believe that with reasonable care 
the average daily exposure from radium 
should not exceed 0.005 r in the average 
hospital. 

We wish to express our appreciation to Mr. Charles 
Albert and Mr. Joseph Ebert of the Maintenance De- 
partment of Strong Memorial Hospital and. Roch- 
ester Municipal Hospital for the actual construction 
of the protective device and accessory instri$ments, 


and their helpful suggestions regarding the various 
details of design. 
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FiG. i. 


March 25, 1941. Crown-shaped erythema 
after irradiation of the breast with 3,000 r from 
February 20 to March 12, 1941, at 200 kv. 


the vessels and nerves of the irradiated 
part during irradiation. Two methods of 
procedure have heretofore been recom- 
mended for the desensitization of the skin: 

A. Mechanical actions. Jessen and Rawu- 
ski, Schwarz, Christen, Schmidt, Seitz and 
Wintz used pressure, either exercising pres- 
sure directly with compressors of different 
tvpes orewith rubber balloons, or on the 
limbs, by constriction with rubber bands. 
According to Schwarz, the pressure brought 
about in this way increased the tolerance of 
the skin by 100 per cent. 

B. Physiological actions. Reicher and 
Lenz, and Freud introduced adrenalin- 
novocain by ionization; they applied to the 
positive pole a compress wet with the 
active solution and passed through it a cur- 
reft of 10 milliamperes for twenty to 
twenty-five minutes before irradiation. 

These methods of desensitization did not 
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come into general use, doubtless because 
they were not very practical. Constriction 
can only be used for the limbs. Pressure on 
the trunk strong enough to bring about the 
desired action can rarely be borne by the 
patient. And the use of ionization 1s a 
complication which roentgenologists afe 
apt to reject, even in techniques that re- 
quire onlv a few roentgen treatments. 

A series of articles appeared describing 
experimental research bv Zondek in which 
the absorption of folliculin by the skin was 
described, which had resulted from the use 
of salves for hypertrichosis, acne, leusp- 
plakia and vulvar pruritus. These sug- 
gested the use of active salves for the de. 
sensitization of the skin in patients who had 
to be irradiated for postoperative recur- 
rences of cancer, and whose skins, sensi- 
tized bv surgical trauma, offered little 
resistance to the usual skin doses. I at first 
made use of several commercial anti- 
hemorrhoidal salves which contained vaso- 
constrictors and anesthetics and which did 
not contain any metal excipient which 
could have made the irradiation injurious. 
And before every treatment I lightly mas- 
saged the skin over the field of irradiation 
with these salves.* 

| found that in patients treated in this 
wav onlv slight pigmentation or none at 
all was produced on skins which should 
have reacted stronglv to the doses given. 

I then thought of using larger doses than 
the usual ones for severe cancers and gave 
the following treatment to a spindle cell 
cancer of the left tonsil with masses of 
enlarged lymph nodes (Roch, Case 2,710 
of my service): From June 8 to July 4, 
1939, 4,200 r was given through a single 
field with 280 kv., filtered through 1.5 mm. 
copper and 2 mm. aluminum, focus-skin 
distance 80 cm.; from July 17 to August 2 
1939, 1,200 r over the same field and from 
August 16 to October 19, 2,800 r, or a total 


3 Mussio-lournier, J. C., Morato-Manaro, J., and Albrieux, A. 
Local action of hormones. Presse méd., 1939, 47, 844-848. 

* I extend thanks to Mlle. Mong, superintendent, and to Mmes. 
Souyri, Moisiard, Gressillon and Stephan, nurses on my service, 
without whom I could not have treated, and especially followed 
after treatment, my patients at the Bichat Hospital. 


VoL. 49, No. 6 


ARTIFICIAL DECREASE OF THE RADIOSENSITIVITY 
OF THE SKIN AND MUCOUS MEMBRANES 
IN ROENTGEN THERAPY* 
By DR. PIERRE LEHMANN} 


Radiologist of the Bichat Hospital 
PARIS, FRANCE 


T 8E possibilities of deep roentgen 

therapy, particularly roentgen therapy 
of cancer, are limited by skin tolerance. The 
skin dose is the maximum limit beyond 
which it is impossible to go in treating a 
deep lesion; and though the depth dose may 
be®ncreased in general by improving the 
depth dose by the use of more penetrating 
rays and, for central lesions by using cross- 
fre technique, it nevertheless frequently 
happens that, in spite of these devices, the 
depth dose is not large enough to destroy 
lesions which are not very sensitive to ir- 
radiation or which are accessible through 
only one field. 

An attempt has been made abroad to 
improve radiotherapeutic technique either 
bv increasing the sensitiveness of the tissue 
to be destroyed or by decreasing that of the 
tissue to be spared, particularlv the skin. 
| attempted to bring about desensitization 
of the skin and I was able to accomplish 
it by a method much simpler and more 
effective than those which have been in 
use heretofore. 

Radiosensitivity is not a constant prop- 
erty of the skin, but one that varies at 
different. times during the physiological 
life of the tissue. Schwarz! emphasizes the 
special reaction of organized tissues to 
roentgen rays. Other physical agents such 
as heat, cold, electricity and mechanical 
or chemical agents, cause the same changes, 
such as coagulation, freezing, oxidation, 
electrolysis or crushing of organized tissues 
no matter whether they are living or dead. 
But “ith roentgen rays, on the contrary, 
doses even much larger than those which 


! [n Rieder and Rosenthal. Lehrbuch der Réntgenkunde. Leip- 
zig, 1928, p. 68. 


* Translated from the French by Audrey G. Morgan, M.D., Los Angeles, California. 


seriously injure a living tissue do not cause 
any visible change in the same tissue when 
It is dead. 

It may be assumed, therefore, that a 
change in the vital processes ofa tissue will 
be accompanied by a change in the re-* 
actions of the tissue to roentgen radiation. 
Schwarz in 1909 showed experimentally 
that anemia from pressure decreases con- 
siderably the sensitivity of the skin to 
radium. In 1911 Schmidt found that strong 
pressure brings about inactivity of a dose 
of roentgen radiation which, without pres- 
sure, would cause a second degree skin 


reaction. Gudzent in 1920 attributed this® e 


difference in sensitivity to a physical phe- 
nomenon and held that the pressure elim- 
inated secondary radiation emitted by the 
iron in the hemoglobin of the circulating 
blood; but Schwarz and Schmidt, having 
found a decrease and not an increase of 
radiosensitivity in passive congestion, in 
which the volume of blood is increased, 
showed that it was a question of a biological 
not a physical, process. And the exper- 
iments of Rahm and Koose in 1926 on 
Thiersch grafts and the skin of mice showed 
that the radiosensitivity of a living tissue 
is suspended if its connections with the 
body are severegl, and they inserted skin 
grafts which had been given three to five 
times the ervthema dose in vitro without 
their showing anv lesions from the irra- 
diation.? 

The method used in practice for desen- 
sitizing the skin has been to act on its vas- 
cularization and innervation and to sus- 
pend more or less completely the action of 


? See Rahr®. Roentgen therapy in surgery. Neue deutsche Chir., 


1927, 37, 394. . e 


T See Lehmann, P., Compt. rend. Acad. d. sc., June 16, 1941, p. 1103. 
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of 8,200 r in four months. This resulted in 
only a dark pigmentation without ery- 
thema or desquamation 

As a result of this treatment I repeated 
my experiment, first using doses larger 
than the usual skin doses and then decreas- 
ing the exposure time of the doses. After 
having used applications of simple and 
mentholated vaseline, to prove the part 
played by the active drugs, without obtain- 
ing any results, I used a salve with a base 
of vaseline and lanolin containing adrenalin 
and stovaine, excluding the other drugs 
contained in the antihemorrhoidal salves 
which I had used before. In September, 
1940 as vaseline and lanolin had become 
scarce, I used lard as an excipient and found 
that with lard the desensitization seemed 
to be more complete, doubtless as a result 
of more complete absorption of the drugs. 
e | have tried, more recently, to determine 
whether both the adrenalin and the sto- 
vaine were active agents; but I did not 
think I had the right to risk making the 
patient lose the benefit of certain desensi- 
tization by changing a formula the results 
of which were known, and I was not able 
to draw may definite conclusion on this 
point from the few experiments with semi- 
penetrating rays to which I limited myself 
with a stovaine salve without adrenalin. 

In the course of these experiments I saw 
the efficacy of the desensitizing salve dem- 
onstrated by finding skin reactions in the 
form of pigmentation or annular epidermitis 
in a crown around a circle of intact skin in 
subjects on whom the salve had not been 
applied entirely. to the edge of the field of 
irradiation (Fig. 1). 

It is also noteworthy that the variations 
In sensitivity of different skins are more 
marked with the large doses permitted by 
desensitization than with the usual roent- 
gen therapy. In some very rare cases de- 
sensitization seemed less complete than 
usual, either because the permeability of 
the skin was defective or because there are, 
as Freud claims, skins that are resistant 
to adrenalin. 

It would seem also that in summer the 
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Fic. 2. April 30, 1940. Irradiation of the axilla with 
39, 4 
§,000 r from March 1} to April 26, 1941, at 280 


kv. 


use of the salve is less effective, because of 
the intense heat, which seems to be related 
to perspiration and may be avoided by 
preliminary cleansing of the skin. 

In onecase(Case 4,642) the desensitizing 
salve did not prevent the appearance of a 
slight skin reaction with desquamation and 
an inflammation of the buccal mucqus 
membrane after «the administration of only 
1,750 r with 200 kv. throygh two fields, one 
over the right submaxillarv and one over 
the left carotid, or a total of 3,500 r in 
thirty-four days; but the patient had kept 
in a bridge during some of the treatments 
which acted as a radiator of secondary 
rays, and only the irradiated field had been 
desensitized for each treatment, while the 
non-irradiated field was also receiving 
radiation through a cross-fire action. * 

The hair follicles do not seeme to be 
affected by desensitization and the epi- 
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lation dose did not seem to be affected by 
the desensitizing salve, a fact which it 
seems to me ought to permit of interesting 
applications. 

At present, after experience acquired in 
several hundred treatments in the course 
of which I varied the formula and increased 
the doses progressively I use the following 
formula: 


Adrenalin 


Stovaine 
Benzoinated lard 


O.OI cgm. 
1,00 gm. 
100.00 gm. 


Before treatment and after cleaning the 
skin, this salve is applied with a cotton 
applicator over the whole field to be ir- 
radiated. The skin dose which produces a 
moderate pigmentation without desqua- 
mation four weeks after irradiation is, for 
a skin which has not undergone any surgical 
trauma, prolonged impregnation with anti- 
septics or any other cause of sensitization 
as follows: 


3,500 t0e4,000 r instead of 2,000 r with 200 
kv., filtered through 1 mm. copper and 
2mm. aluminum 

6,500 r instead of 3,000 r with 280 kv., filtered 
through 1.6 mm. copper and 2 mm. alu- 
minum. 


These doses were applied to fields 20 cm. 
in diameter over a period of three to four 
weeks, measurements being made with the 
Strauss dosimeter. 

With 150 kv. I did not increase the doses 
in the same proportion, as there is less 
occasion to increase the doses for patients 
treated with this voltage. However I have 
used r,400 r instead of 1 ,000 r in the treat- 
ment of Plantar warts or of Dupuytren’s 
disease. j 

In a certain number of cases of severe 
cancer accessible through only one field I 
even exceeded the doses given above, either 
by prolonging the irradiation time beyond 
four weeks or by giving another series of 
irradiations after an interval of ten to thirty 
days. For instance (Case 4,741) J gave a 
dosg of 6,000 r with 200 kv. toa scirrhous 
cancer of the right breast without any rẹ 
action except a slight desquamation five 
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days after the end of the irradiation with 
return of the normal appearance of the 
skin eight days later. In one case (Case 
4,751) of large ulcerated exuberant tumor 
of the left cheek I gave 6,000 r in forty days 
without causing any skin reaction. No 
reaction appeared after 6,000 r in forte 
davs in a case of large epithelioma of the 
skin of the left leg (Case 4,832). 

In an epithelioma of the right lower max- 
illary region (Case 4,724) the skin desqua- 
mated without ery thema after the end of 
irradiation with 280 kv., giving a dose of 

7,000 r in thirty days; a month later the 
skin appeared to be intact and not #fo- 
phied. An osteosarcoma of the left knee 
(Case 4,823) was given 8,000 r in thirty 
days, 6,000 r on the aieri] surface, 

2,000 r on the posterior surface through 
jane felds; the skin was ervthematous 
without pruritus at the end of the irradi- 
ation; some pigmentation persisted thirteen 
days later. 

Intense irradiations may be repeated on 
desensitized skin without injury after 
shorter intervals than in the usual treat- 
ments. A patient with a large exuberant 
tumor of the left breast (Case 4,348) was 
given 5,500 r in twenty-nine days, then 
after a rest of thirty-five days, 4,500 r in 
twenty-one days on the same field, or 
10,000 r in three months at 280 kv. There 
was no skin reaction. Another case (Case 
4,654) was given 5,000 r in twenty-seven 
days at 280 kv. for a glandular tumor of 
the right carotid region, and then after a 
rest of thirty days 5,000 r in twenty-seven 
days, or a total of 10,000 r in seventy-four 
days, the skin remaining intact. 

| applied the same technique of desensi- 
tization to the phary ngolarynx, using 
glycerin as an excipient. As complete a 
painting as possible of the mouth, the 
tongue and even of the pharynx "before 
each irradiation saves the patiente the 
inflammation of the mucous membrane 
and the glossitis with disturbance of taste 
which is so painful toward the end of the 
irradiations. 

In the same wav it is possible with 
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suppositories of adrenalin and stovaine to 
prevent or lessen the proctitis which often 
accompanies intense irradiation of the 
pelvis. 

In the eye a desensitizing collyrium 
prevented conjunctivitis, but the cornea 
was not protected by the desensitization. 

Late roentgen lesions of the cellular 
tissue might be feared in patients whose 
desensitized skin had not reacted to large 
doses of irradiation. So far I have not seen 
any induration of the cellular tissue or 
atrophy of the skin with telangiectases in 
patients who have been under treatment 


. fü more than six months. I was justified 


in substituting this risk of late roentgen 
lesions for the risk of earlier death in these 
cases of cancer involving painful compli- 
cations, which did not react to the usual 
dosage of irradiation. 

The advantages gained in roentgen 
therapy by desensitization of the skin may 
be measured by the increase in depth dose 
which it represents. Cancer therapy has 
made a step in advance every time the 
depth dosage has been increased by increas- 
ing the voltage of the apparatus. According 
to Mathey-Cornat the depth dose rises 
from 38 to 40 per cent of the skin dose with 
an irradiation at 200 kv. filtered through 
2 mm. copper and 1 mm. aluminum with 
a focal distance of 50 cm. to about 50 per 
cent for an irradiation at 300 kv. with a 
focal distance of 60 cm., with fields of the 
same size in the two cases. 

Holthusen and Goggwitzer, Failla, and 
Mudd claim that the depth dose is in- 
creased from 10 to 15 per cent in changing 
from 200 kv. filtered through o.5 mm. 
copper to 700 kv. filtered through 5 mm. 
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copper. *Gunsett claimed to have obtained 
an improvement of 20 pér cent in depth 
dosage on changing from 200 to 400 kv. 
and of 30 per cent in changing from 200 to 
$20 kv.‘ 

These relatively small gains can be ob- 
tained only with apparatus the cost of 
which rises rapidly with increaged voltage 
and only a limited number of which exist. 
By the use of desensitization of the skin 
using the ordinary 200 kv. apparatus the 
skin dose and therefore the depth dose can 
be doubled, the depth dose beipg increased 
in this way from 40 to 80 per cent of.the , 
ordinary skin dose. 

It may therefore be said that desensiti.. 
zation of the skin, by increasing the limits 
of the skin dose, nullifies the advantages. 
of high voltage in roentgen therapy; and 
as a matter of fact I have found in my 
service at the Bichat Hospital that the 
therapeutic results have become as good - 
with 200 kv. as with 300 kv. by making use, 
of the increased skin tolerance brought 
about by desensitization of the Skin. 

Desensitization of the skin, therefore, 
seems to me to offer unhoped for possi- 
bilities in the radiotherapy of cancer, 
thanks to a very simple technical procedure 
and I have already found a marked im- 
provement in the immediate results of 
treatment, particularly in cases of severe 
cancer, those insensitive to irradiation and 
those accessible through only one field, 
such as cancers of the breast and of the 
larynx. And in current roentgen therapy it 
offers a margin of safety which protects the 


patient from the risks of radiodermatitis. 
s e 
1 La radiothérapie a voltage élevé 7, de radiol, et d'électrol., 
1936, 20, 505—522. 
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CAVERNOUS HEMANGIOMA OF THE FACE IN AN 
INFANT TREATED WITH RADIUM 


REPORT OF A CASE* 
By A. W. JACOBS, M.D. 


' NEW YORK, NEW YORK ® 


Ao of the skin are usually 
benign congenital anomalies and in 
about 75 per cent of the cases are present at 
birth. Although they may occur on any 
part of the, body,.about $5 to 60 per cent 
occur about the head, and about 55 per 
cent occur as single lesions. They seldom 
.develop in infants after the first year. In 
reference to etiology the most plausible 1s 
.the development from embryonic ru- 
diments (Ribbert's theory). Histopatho- 
logically the capillary angioma (nevus 
flammeus and vasculosus) consists of a fine 
network of capillaries, while the cavernous 
angioma 1s composed of dilated blood 
spaces with thin walls. | 

Angiomata or vascular nevi generally 
occur in three forms: 


(1) Nevus flammeus (portwine mark) 

(2) Nevus vasculosus (strawberry mark) 

(3) Angioma cavernosum (cavernous 
angioma). 


(1) Nevus flammeus or portwine mark is a 
pink to bluered area, in size from that of a 
finger nail or smaller to that of the palm of 
a hand or larger. It is not raised above the 
level of the surrounding skin, and usually 
appears at or shortly after birth. The light 
pink lesions on the nape of the neck tend 
to disapptar in a few months or years. This 
type of lesion 1$ not a suitable one for 
roentgen or radium therapy, although 
satisfactory response has been seen in small 
lesions treated early. Grenz rays and the 
Kromayer lamp have been used. 

(2) Nevus vasculosus or strawberry mark 
is a slightly raised, bright red to blue-red 
lesion, smooth or verrucous. Treatment 
with radium and carbon dioxide snow 
produces satisfactory results. The chief 


advantage of radium therapy is the lack of 
pain or reaction, both of which occur with 
the use of carbon dioxide snow. With 
radium 1t takes a long time to produce re- 
sults and may require one to two years for 
maximum improvement. 

(3) Cavernous angiomas vary in size fem. 
that of a pea to that of a tennis ball or 
larger. They may be diffuse or circum- 
scribed and are often surmounted by a 
nevus vasculosus. Radium is the treatment 
of choice. 

The earlier the treatment is instituted, 
the better and quicker the results. It $s 
advisable to begin before the child is three 
months old, and two months might be 
considered as the minimum age—certainly 
during the first year of life. Early treat- 
ment is recommended for three reasons: 


I. The endothelial cells lining the vas- 
cular spaces of the tumor are more 
radiosensitive during their embryonic 
and early life. 

2. Early treatment will prevent most 
lesions from becoming larger and 
spreading laterally. 

3. Residual effects of irradiation such as 
scarring and increased pigmentation 
decrease as the years go on, thereby 
producing better cosmetic results. 


The treatment of vascular nevi can be 
divided into two classes: (1) non-radiation; 
(2) radiation therapy. ` 

(1) Non-radiation. 

(a) Freezing by solid carbon dioxide 
snow is the oldest method usefail for 
small lesions, preferably on unex- 
posed parts of the body. 

(4) Surgical excision either with ie 
scalpel or endotherm knife. 


Q8 


* Presented at a meeting of Society of Lebanon Hospital, January 13, 1942. 
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(c) Injection of sclerosing solutions, such 
as mixtures of quinine and ethyl 
carbamate, sodium morrhuate (5 per 
cent solution, etc.). 


(2) Radiation Treatment by Roentgen Rays 
ox Radium. 


Radium has become the agent of choice 
in this country. It may be applied bv var- 
ious techniques, as moulds, flat applicators, 
or implantation of needles (interstitial 
method). I have always preferred surface 
applications in small doses at intervals. 
Ulceration of the nevus and secondary in- 
féttron are no contraindication to radium 
therapy except that the doses should be 
smaller than for the non-infected type. 


i REPORT OF CASE 

E. C., an infant, aged ten weeks, was referred 
to me, August 2, 1939, about twenty-eight 
Months ago with the following history: Birth 
full term, instrumental delivery, bottle-fed, no 
other children. At birth, a bluish-red irregular 
swelling was noticed over and in front of the 
right ear, extending over to the angle of the 
right side of the mouth, elevating and pro- 
truding the lobe of the right ear, making it more 
prominent than the left ear. Apparently not 
painful nor tender, and increasing in size. 
Local examination showed an irregularly out- 
lined, multilobulated soft, compressible, bluish- 


; 





. Before treatment, aged ten weeks. 
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lic. 2. Four months after treatment. 


red swelling in. front of the right ear, in thee 
region of the parotid gland extending partly 
into the external auditory canal posteriorly, and 
anteriorly involving the entire parotid area with 
irregular margins and extending along the right 
side of the face as far as the angle of the right 
side of the mouth almost to the margin of the 
lower lip. The ear appeared prominent and 


‘ ; . * 
elevated somewhat by this swelling, which ' ' 


apparently was not painful nor tender. 

The diagnosis was hemangioma of the right 
side of the face. Radium therapy was instituted 
on August 3, 1939. The technique consisted of 
dividing the entire involved region into five 
smaller areas, treating one to three areas at a 
time, with surface radium applicators, total at 
each treatment varying from 25 to 50 mg., with 





E 


Fic. 3. Twenty months after treatment. 
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filtration of 1 mm. brass too.5 mm. platinum, 
at a distance of 0.25 cm. for one to two hours, 
dosage being from 25 to 37.5 mg-hr. At the 
beginning the intervals between treatments 
were three to four weeks and later the intervals 
were longer. From August 3, 1939, to April 17, 
1941, a total of twenty-two radium applications 
was made te the entire lesion, with a total of 
840 mg-hr. About six weeks from the com- 
mencement of treatment, there was visible 
evidence of diminution in swelling and change 
in color to a paler hue, which continued to 
improve slowly and gradually so that now there 
is present a sêft whitish area over the site of the 
* original lesion with scattered irregular spots of 


* . , ` 
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dilated capillaries. The area involved by this 
rather extensive lesion has shown a very re- 
markable improvement with shrinkage and 
replacement by a smooth, almost normal skin. 


The case presented shows what can be 
accomplished with radium therapy, jud» 
ciously applied, by surface applications in 
small amounts, at intervals, over a pro- 
longed period in the treatment of properly 
selected cases of vascular nevi in the skin 
of infants. 


295 Central Park West, 
New York, N. Y. 
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ISODOSE CHARTS FOR FIELDS OF SPECIAL 
USEFULNESS IN THE TREATMENT OF 


CANCER OF THE UTERINE CERVIX 


By SIDNEY M. SILVERSTONE, M.A., M.B., B.CH. (Cambridge), CARL 


B. BRAESTRUP, P.E., and BERNARD S. WOLF, M.D. 


From the Radiotherapy Service of Dr. William Harris, The Mount Sinai Hospital 
NEW YORK, NEW YORK 


URING a study of the distribution of 

radiation at various important points 
in the pelvis in the treatment of cancer of 
the cervix, detailed information was re- 
quired concerning the amount of radiation 
at the periphery and outside a direct beam. 
When two beams of roentgen rays are em. 
ployed close together as in a pelvic cycle, a 
knowkedge of the amount of peripheral ra- 
diation is required in order to calculate 
doses in the region where the beams overlap. 
Depth dose tables?* in the literature give 
doses only in the central axis of the beam. 
In articles?? where isodose curves were pub- 
lished, it was usually not possible to inter- 
pret doses in the peripheral portion of the 
beam or in the region outside the direct 
beam with sufficient accuracy for our study. 
Arneson and Quimby! published isodose 
charts for the pelvis in which there was a 
separation of 2 cm. between adjacent par- 
allel beams. Reinhard and Miers? published 
isodose curves for two adjacent oblique 
fields inclined at various angles towards 
each other. Apart from these and similar 
publications which, however, treat only of 
special cases of separation and angulation, 
the peripheral depth doses have not re- 
ceived the attention that their impor- 


tance warrants. From the point of view of ° 


treating a malignant neoplasm, the doses 
at the periphery of a beam are equally as 
significant as the doses in the central axis. 
In order to obtain this information 1n suffi- 
cient detail, special studies were under- 
taken. | 

* Two fields were studied. The first meas- 
ured 10 by 15 cm. and was selected because 
it is the most frequent size used in a pelvic 


* PrÉsented at the Eastern Conference of Radiologists, New York, N. Y., Jan. 23-24, 1942. 


cycle. The second was a 15 by 15 cm-*field, 
divided by a centrally placed lead strip 
4 cm. wide, into two narrow fields, 5.5 by 
15 cm. each. This divided field is a modi- 
fication of a special pelvic field described by." 
Tod and Meredith? for irradiation of the 
parametria in the treatment of cancer of the 
cervix. Its special usefulness lies in the fact 
that the midline structures of the pelvis, 
i.e., bladder, rectum and cervix, and the 
lateral structures of the pelvis, 1.e., head and 
neck of the femur, are spared direct radi- 
ation. 

It is well known that the depth dose de- 
pends upon the quality of radiati@n, target- 
surface distance, and size of field, as well as 
the atomic number, density and dimen- 
sions of the substance irradiated. What 1s 
not so well recognized is that the depth 
dose also depends upon the method of col- 
limating the roentgen-ray beam. During our 
studies, we observed that if the roentgen- 
ray beam was collimated by means of a 
limiting diaphragm placed at the upper end 
of a cone, the depth dose in the peripheral 
region of the beam was considerably less 
than the dose in the central axis at the same 
level. When the method of collimation was 
altered by removal of the limiting diaphram 
and the use, instead, of ə diaphragm only 
at the lower end of the cone where it is in 
contact with the phantom, the peripheral 
depth dose increased appreciably while the 
dose in the central axis remained practi- 
cally unchanged. The problem of beam col- 
limation and limiting diaphragms has been 
the subject of,an earlier publication.* It 
is very likely that the variations in. pub- 
lighed isodose curves especially with regfrd 
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to doses at the periphery of the beam, may 
have been occasioned, at least in part, by 
differences in methods of collimation. 


, EQUIPMENT 


A Villard type generator was operated 
at 200 kv. (peak) and 20 ma. A filter of 0.75 


lOcm. 


(Sem. 


20cm. 





Fic. 1. Isodose chart for 10 by 15 cm. 
field. Backscatter: 36 per cent. 


mm. Cu. and 1.0 mm. Al was used in addi- 
tion to the inherent filtration of the roent- 
gen tube and tube head. The half-value 
layer measured 1.15 mm. Cu. The target- 
surface distance was 80 cm. The roentgen- 
ray beam was collimated at the surface of 
the phantom by means of a cone with lead- 
lined walls. No other limiting diaphragms 
were used. 


@XPERIMENTAL PROCEDURE 


The depth dose Measurements were made 
in a laminated “masonite” phantom, pre- 
viously described by Braestrup and Blatz.? 
The phantom measured 30 by 30 cm. in area 
and 45 cm. in depth. Its density was unity. 
A thimble type ionization chamber was 
used, 0.72 cm. in diameter and 2.30 cm. long, 
permanently connected to' an electrom- 
eteg The plane of measurement was taken 
through the cÉntral axis of the roentgen-raV 
beam and across the width of each field. 


Sidney M. Silverstone, Carl B. Braestrup and Bernard 5. Wolf 
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In order to secure a nearly uniform dose 
distribution throughout the ionization 
chamber, its axis was placed at right angles 
to the plane of measurement. No readings 
were taken through the edges of the direct 
beam in the phantom. Instead, roentgeno- 
grams were made to determine the exact 
location of these edges at the various levels. 
Special precautions were taken to secure 
accurate alignment of the beam with respect 
to the phantom and the ionization chamber 
in order to avoid errors which even shght 
angulation might cause. 
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Fic. 2. Isodose chart for 15 by 15 cm. divided field. 
Backscatter: 31.5 per cent. 


RESULTS 
The results of these studies are indicated 


in the form of 1sodose curves. The back- 
scatter factors were found to be: 


IO by t5 cm. field. ..... 
5.5 by 15 cm. field..... 


1.36 (36%) 
1.315 (31.5%) 


The value for the divided field was higher 


than might be expected from such a narrow 
field. The increase was due to scattered 
radiation from the adjacent field. 


' DISCUSSION : 

It is quite evident that the beams are 
sharply defined in the phantom. The sharp 
gradients in the isodose curves coincide with 
the geometric outlines of the beam. The 


sharp definition of the beam in the phantom 
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is due.largely to the method of collimation. 
Another factor, however, is that, in our ex- 
periments, measurements in the edge of the 
direct beam were purposely avoided. Such 


We measurements would not reveal the true 


gradient of dose in this region but instead 
only an average of the intense radiation in 
the direct beam and the weak radiation out- 

ysside the direct beam. Therefore such meas- 
urements would be misleading in the 
plotting of the isodose curves and would 
tend to obscure the sharpness of the gradient 
at the edge of the beam. This factor may 
also account for the smoothness of the iso- 
dose curves through the edges of the beam 
as noted in many publications. It is also of 
interest to note that, in the region outside 
jhe direct beam, the intensity of radiation 
depends upon the distance from the edge of 
the direct beam rather than the depth. The 
esesults for the 10 by 15 cm. field are in close 
agreement with the recently published iso- 
dose curves of Reinhard and Goltz.’ 

From the isodose curves for the 10 by 15 
cm. field, the amount of radiation due to 
overlap from adjacent fields can be deter- 
mined for any degree of separation or angu- 
lation 

The isodose curves for the 15 by 15 cm. 
divided field show that it is possible to ob- 
tain two narrow, sharply defined, divergent 
beams with the intervening region and the 
outer regions of relatively low intensity. 
The advantages of this arrangement are ob- 
vious where it is desired to deliver roentgen 
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radiation only to the parametria in the pel- 
vis when radium has been used to give, a 
maximum dose to the cervix. The divided 
feld method provides a greater degree of 
accuracy of set-up than is possible if seach 
field were set up separately. There is'Also 
another advantage of greater economy since 
two fields are treated simultanebusly. 


The authors wish to acknowledge with thanks the 
technical assistance gives by Charles J. Wermfeld, 
P.E., in the construction of the isodose curves. 
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Cisse the comprehensive report of 
Sayers and Meriwether! on miliary lung 
disease due to unknown cause, numerous 
reports have appeared dealing with this 
subject. Sayers and Meriwether made their 
original report as a result of the examina- 
tion of several thousand individuals in the 
mines in and around Picher, Oklahoma, 
and of the subjects with whom they were 

ealjng 9o per cent were born in Missouri, 
Oklahoma, Kansas, Arkansas and Illinois, 
and the majority came from rural districts 
or had spent several summers in the harvest 


fields. 


More recently an article by Olson, 
Wright and Nolan? calls attention to an 
epidemiological study of calcified pulmo- 
nary lesions in an Ohio county. It had been 
noted previously that there is a high preva- 
lence of pulmonary calcification in certain 
areas of the United States, and some ob- 
servers, notably Gass and his co-workers, 
and Lumsden and Dearing, have pointed 
out that such calcifications are common in 
or adjacent to the Appalachian Plateau. 

Prior to the report of Sayers and Meri- 
wether the presence of miliary-like calcifi- 
cations in the lung fields was interpreted 
as evidence of primary or first infection 
tuberculosis but of the 125 cases of "typical 
miliary lung disease” found in their study, 
tubercle bacilli were present in only 2 of 
88 cases in which examination of tl 
sputum was made. They believed that phe 
presence of miliary calcification in the lung 
fields*did not necessarily justify the con- 
clueion that the patient had had miliary 


oe 1 Sayers, R. R., and Meriwether, F. V. Miliary lung disease 


due to unknown cause. Am. J. RokNTGENOL. & Rap. THERAPY, 
1932. 27, 337-351. 

? Olson, B. J., Wright, W. H., and Nolan, MO. Epidemio- 
loggal study of calcified pulmonary lesions in Vn hio county. 


- Pub. Health Rep., 1941, 56, 2105-2126. 
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CALCIFIED PULMONARY LESIONS d 


a 
tuberculosis with subsequent healing of the 
lesions but that the condition might be 
due to some other cause, possibly to a 
fungous infection. 

Gass and his co-workers, and Lumsden 
and Dearing, found from their studies thate 
approximately half of the young individ- 
uals whom they studied with pulmonar 
calcifications were tuberculin negative.. 

These observations have aroused con- 
siderable interest and also considerable 
controversy and it has been shown from 
studies of various investigators, notably 
Lumsden and Dearing, that there are great 
differences in the prevalence of pulmonary 
calcification in different stateg and that 
these variations not only occur in different 
states but sometimes also in closely ad- 
jacent counties of the same state. It was 
observed that this geographic distribution 
in pulmonary calcification was associated 
closely with the occurrence of limestone 
and chert formations. 

In an attempt to Clarify some of the ob- 
servations, Olson, Wright and Nolan set 
about to determine the relationship be- 
tween the presence of pulmonary calcifica- 
tion and exposure to tuberculosis, ascaria- 
sis, and other specific diseases. They were 
particularly interested in the study of the 
relationship of /scaris infectión to pul. 
monary calcification. The selection of the 
area for this study was Ross County, Ohio, 
as this county seemed to fulfill the basic 
requisites for study , namely it was located 
adjacent to the Appalachian à ied an 
area in which pulmonary calci 1 was 
of common occurrence and where tuber- 
culbsis mortality was not unusually high. 
Affother factor thgt determined the selec- | 

N as thatthe geology of. 
this particular section was known. I 
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Olson, Wright and Nolan, statistically 


td the conclusion that no significa 


Idtionship could be demonstrated betwe z^ 


contact.with known tuberculosis and the 
occuwence of pulmonary calcification in 
the group studied, and that this presence 
of pulmonafy calcification as observed in 
their study had little demonstrable rela- 
tionship to tuberculosig. 

In a further attempt to elucidate the 
cause of pulmonary calcifications in the 
absence of a*positive tuberculin test or a 
history of tuberculosis, they considered the 

ossible róle of parasites in the production 
> pulmonary calcification since it had been 
newed that there was a rather close correla- 
tion between the distribution of such cal- 
cification and the areas of high incidence of 
Ascaris lumbricoides in man. In general, the 
distribution of pulmonary calcification in 
the southeastern United States corresponds 
Closely to thé area of high Ascaris incidence 
in the Appalachian Plateau and its foot- 
hills, the area referred to by Otto and Cort 
as the endemic center of Ascaris. 

It has been demonstrated many times by 
parasitologists that the death of adult 
worms and the arrestment of parasite 
larvae in parenchymatous tissues are fre- 
quently followed bygthe production of a 
granulomatous type of lesion grossly and 
sometimes microscopically indistinguish- 
able from lesions of this type which charac- 
terize certain bacterial diseases. 

Shortly after the discovery of the life 


.cyale of Ascaris lumbricoides by Stewart, 


Ransom pginted out the agute manifesta- 
tions connected with the migrations of 


wi/scaris larvae through the lungs of sus- 


ceptible animals and noted that the same 


»mblem should be carefully investigated 
D : . £ S 
Yu human infegtions. As a result many 


-carrfd out exgensive = examinations Ny 
g 


studiosh been carried out in the hope 
of estffblising this point. 


[n an attempt to throw some light on 
. ^ . . e 
this subject, Olson, Wright and, Nolan 


the aregs where calcifigation of the lun 
` 


1 . '".evalent. They came to the concl 
anglvzing the data from their survey ^^. N "At on the basis of the data furnisheM b: 
/ their epidemiological study they were uñz 






able either to prove or disprove the possible 
róle of Ascaris as a causative agent in pul- 
monary calcification. They believe, how-4 
ever, that until additional evidence iff 
available the parasite in question shoulc 

not be ruled out as a possible etiological 

agent in pulmonary calcification. 

A further article? on the subject of 
miliary calcification of the lung appears in 
this issue of the JounNar. The miliary 
lesions in the two cases reported were dis- 
covered incidentally in routine examina- 
tions of the chest; both cases were studied 
clinically, bacteriologically and pathologi- 
cally. The cause of the pulmonary lesgfons® 
could not be definitely ascribed to disease 
other than tuberculosis, and taking the 
findings of the complete study into account, 
it was believed that the cause for the pul- 
monary appearance in the two cases was 
tuberculosis, probably of the primary type. 
Geever concludes that although the possi- 
bility exists that other agents may cause 
this interesting lung picture, the impor- 
tance of tuberculosis should not be mini- 
mized. He includes an outline of the studies 
which should be performed whenever an 
opportunity presents itself to examine a 
patient who demonstrates the finding of 
pulmonary calcification ifi the chest roent- 
genogram. 

It thus appears from the combined 
studies of various observers that there is 
in certain areas and states a high incidence 
of pulmonary calcification which cannot be 
definitely related to tuberculosis as a causa- 


‘ive factor, that these pulmonary calcifica- 


tiqns result from an as yet unrecognized 
disease of very common occurrence which 
produges pulmonary lesions closely re- 
sembling the roentgen appearance of ẹri- 
mary tuberculosis, and it is gheir considerei} 
opinion that the finding of pulmonary cai- 


3 Geever, E. F..Miliary calcification of the lung. Am. J. Rbet- 
GENOL. & Rap: HERAPY, June. 1945; 79, 777-782. a 
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ion, particularly in tuberculin-nega- 
ndividuals, should not necessarily be 
ssumed to be evidence of infection with 
the tubercle bacillus. By other observers 
it is believed that while various causative 
gents must be taken into account, the im- 
ortance of tuberculosis should not be 
unimized. 
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The many studies carried out on the, 


cause of pulmonary calcification have 
added greatly to our knowledge of the cù- 
dition, but in view of their inconclusive 
nature, further comprehensive studies 
should be undertaken to establish if possi- 
ble the definite etiological agent or agents. 
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SOCIETY ^"OCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


tems for this section solicited promptly after the events to which they refer. 
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` MEETINGS OF ROENTGEN SOCIETIES” 


UNITED STATES OF AMERICA 


- 
e 
AMERICAN ROENTGEN Ray SOCIETY 


Secretary, Dr. H. Dabney Kerr, University Hospital, 


Iowa City, lowa. Annual Meeting: 1943, cancelled. 

AMERICA? COLLEGE or Raproifbcv 
Secretary, Mac F. Cahal, £40 N. Michigan Ave., Chicago, 
Ill. Annual meeting: Chicago, Ill., June 6, 1943. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ÁSSOCIATION 
Secretary, Dr. P. T. Murphy, 421 Michigan St., Toledo, 

e Ohio. Annual meeting: 1943, cancelled. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 

@eticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RaewoLoGicAL SOCIETY OF NORTH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Drake Hotel, Chicago, Hi. 
Nov. 29—Dec. 3, 1943. 

RADIOLOGICAL SECTION, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

SECTION ON RapioLocy, CALIFORNIA MEDICAL ASSOCIATION 

e Secretary, vf: Coate, 434 Thirtieth St., Oakland, Calif. 

"X RADIOLOGICAL FECTION, Connecticut MEDICAL SOCIETY 
Secretary, D@ Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

SECTION ON RADIOLOGY, [ILLINOIS STATE MEDICAL SOCIETY 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RADIOLOGICAL SECTION, Los ANGELES County MEDICAL 
ASSOCIATION 
Secretary, Dr. Donald R: Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County So¥fety Building. 

RADIOLOGICAL SECTION, SoUMiERN MEDICAL ASSOCIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

BrooxLyN ROENTGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

, BUFFALO RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 

we except during summer months. 

CHICAGO RoENTGEN SOCIETY 
Secretary, 1%. Warren W. Furey, 4844 S. Oglesby Ave., 
Chicago, Ill. Meets sggond Thursday of each month 
October to April inclusive at the Palmer House. 

“INCINNATI RADIOLOGICAL SOCIETY ! 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 

pp. Meets third Tuesday of each month, October to 

ay, inclusive. 
-EVEPAND RADIOLOAICAL SOCIETY p 
pecretary, Wr. J. O. Newton, 13921 Terrace Rd., East 
Cleve eets at 6:30 p.m. at Midday Club on fourth 
Monday each month, October to April, inclusive. 

DENVER RADIOLOGICAL CLUB 
Secretary, Dr. Edward J. Meister,®366 Metropditan 
Bldg., Denver, Colo. Meets third Friday of eacb mon Mat 
Deaver Athletic Club. 

J: TROIT ROENTG AY AND R@p1um SOCIETY 
Secretara, Dr. E. R. Witwer¥ Harper Hospital. Meets 

onth 


layne PME sere | ü 
Secret§ri Qc Lies nates listed are a a to send the nefssary information to the Editor. 


z on first Thursday s Onde to May, at 


FLorIDA RADIOLOGICAL SOCIETY 
Acting Secretary, Dr. Walter A. Weed, 204 Exchang 
Bldg., Orlando, Fla. Meetings in May and November. 

Georcta RaproLoctcAL SOCIETY 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

RADIOLOGICAL Society OF Kansas Crrv 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, 'Mo. Meets third Thursday of each month at a 
place designated by the president. 

ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. Wm. DeHollander, St. John’s atal, 
Springfield, Ill. Meets three times a year. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in_May 
annually. — 

KENTUCKY RADIOLOGICAL SOCIETY 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 

Long IsLanpD RADIOLOGICAL SOCIETY 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 

LovistANA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

MICHIGAN ASSOCIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 

MILWAUKEE ROENTGEN Ray SOCIETY 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Annette T. Stenstrom, 1218 Medical Arts 
Bldg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Associetion. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 

New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 
Mass. Meets monthly on third Friday, Boston Medical 
Library. 

WADLOLOGICAL SOCIETY OF NEW JERSEY 
Secretary, Dr. H. J. Perlberg, 921 Bergen Ave., Jersey City. 
leets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 

New Yonk ROENTGEN SOCIETY 
Secretary, Dr. M. M. Pomeranz, 1020 Park Ave., New 
York City. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 P.M. 

NonTH CanoLiNA ROENTGEN Ray Sacretry 
Sec etary, Dr. Major Fleming, Roos Mount, N c A 
nual meeting at time and place of SWte Medical Sede 
Mid-year scientific meeting at place designated. ` 


NonTH Dakota RADIOLOGICAL SOCIETY “od 
Secretary, Dr. ¥.. A. Nash, St. John’s Hospital, Fg*go. 
Meetings by announcement. 

CENTRAL N 'onk Roentcen Way SocierY 
Secretary. 'b C. F. Potter, 820 S. Cr 


se Ave., e a 
.à year. January, May, Novembe 


Three 
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HIO WBADIOLOGICAL SOCIETY 

ary, Dr. J. E. McCarthy, 707 Race S+., Cincinnati. 

s at time and place of annual meeting of Ohio State 

ical Association. 

2ACIFIC ROENTGEN SOCIETY 

Secretary, Dr. L. H. Garland, 450 Sutter £t., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

ENNSYLVANIA RADIOLOGICAL SOCIETY 

Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
HILADELPHIA ROENTGEN Ray Society 

Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from October to 
May inclusive at 8:15 P.M., in Thompson Hall, College 
of Physicians, 19 S. 22d St. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 P.M., October 
to June, Pittsburgh Academy of Medicine. 

RocHESTER ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Sidney Larson, Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Is SociErv OF RADIOLOGISTS 
Secretary, Dr. P. C. Schnoebelen, 462 N. Taylor Ave. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

e SAN Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

SovrH CanoriNA X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 

, S. C. Meets in Charleston on first Thursday in Novem- 

ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas RADIOLOGICAL QocrETY 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

UNIVERSITY OF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, 
at 7 p.M. at University Hospital. 

University or Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
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son, Wis. Meets every Thursday from 4:00-5:00 P.M., 


Room 301, Service Memorial Institute. 
VIRGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin S 
Richmond, Va. Meets annually in October. 
WASHINGTON STATE RADIOLOGICAL SOCIETY ,J 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meegs fourth Monday each month, College Club, Seattle. 
X-ray Srupv Cus or SAN FRANCISCO 8 
Sacretary, Dr. J. M. Robinson, University of California 


Hospital. Meets fhonthly in evening on third Yhurs- 
dag. 
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SOCIEDAD DE RADIOLOGÍA Y FISIOTERAPIA DE CUBA B a 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, f 
Habana, Cuba. Meets monthly in Habana. 


BRITISH EMPIRE 





.* 
BRITISH [INSTITUTE OF RADIOLOGY INCORPORATED WITH 
THE RONTGEN SOCIETY i 
Meets monthly on third Thursday from Novenfber to 
June inclusive, at 8:15 P.M., 32 Welbeck St., Lon@on. 
SECTION OF RADIOLOGY OF THE ROYAL Sqciews OF MEDI- 
CINE (CONFINED TO MEDICAL vomer.) 
Meets on the third Friday of each month during the 
winter at 8:15 p.m. at the Royal Society of Medicine 


1, Wimpole St., London,@W. 1. ° 
FACULTY OF RADIOLOGISTS 
Secretary, Dr. M. H. Jupe,2 Welbeck St., London, W. 1 e 


England. 

SECTION or RADIOLOGY AND MY¥picat I&EcTRICITY, Aus- 
TRALASIAN MEDICAL CONGRESS a 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF Tg 
BririsH MEDICAL ASSOCIATION 
Secretary, Dr. Keith Hallam, St. George's Hosyepgal, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 

SECTION OF RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

RADIOLOGICAL SECTION, NEw ZEALAND BRITISH MEDICAL 
ASSOCIATION V ad á 
Secretary, Dr. Colin Anderson, InvercaWill, New Zea- 
land. Meets annually. 
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CONTINENTAL EUROPE 


SOCIEDAD ESPANOLA DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, ° 
Spain. Meets monthly in Madrid. 

SociETE SUISSE DE RADIOLOGIE (SCHWEIZERISCHE RÖNT- 


GEN-GESELLSCHAFT) š 
Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. y 


Secretary for German lanag A Dr. Scheurer, Molzgasse 
Biel. Meets annually in differtnt cities. 

SOCIETATEA ROMANA DE RADIOLOGIE s1 ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Mărăcine, 30, 
S. L, Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

ALL-Russrıran ROENTGEN RAY ASSOCIATION, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simorfons* 
Meets annually. : 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simoon and G. A. Gusterin. 
Meets m ly, irst Monday at 8 o'clock, State Institut 
of Roent®endlogy and Radiology, Leningrad. 

Méscow RoentceN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and 
Konahejevsky. Meets monthly, first Monday, 8 gP-M. 

SCANDINAVIAN ROENTGEN SOCIETIES 












The Scandinavian roentgen societies have fbrmed rfd{nt 
association called the Northern Associat O edical 


Radiology, meeting every second year in the differerrt 
countries belonging to the Association. 
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A Cancer Teaching Nay, arranged by a 
nfimber of the medical societies of Utica 
¿Ind of the State of New York, was held at 
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the cols Utica, Utica, New York, on 
Juni T7, 1943. The program of the after- 


noon’ meeting, which was called to order 

at 4.00°%.m® with Dr. Bradford F. Golly, 

President of the Medical Society of the 

County of Oneida, ay Chairman, was as 

follows: i 

The Management c: the Patient with Ad- 
£ vanced @ancer. Norman Treves, M.D., 

= New York, N. Y. 

Cancer of the Larynx, Bronchi, and Esoph- 

agus (illustrated by motion pictures and 

a lantern slides). Chevalier L. Jackson, 
M.D., Philadelphia, Pa. 

Dinner was served at 6.15 P.M., after 
which the meeting was resumed at 7.30 
P.M. with Dr. Bradford F. Golly as Chair. 
man, and the following two papers were 
presented: 

e. 


ae. 


Cancer ofthe Colon and Rectum. George E. 
Binkley, M.D., New York, N.Y. 

The Significance of Enlarged Lymph Nodes. 
Lloyd F. Craver, M.D., New York, N.Y. 


CAPTAIN ALBERT SOILAND 
HONORED 


On Wednesday, May 5s, 1943, the Ra- 
diological SectiomYof the Los Angeles 
County Medical Association celebrated the 
seventieth birthday of Captain Albert Soil- 
and, M.C., U.S.N.R., with a testimonial 
„dinner at the University Club. About one 
hundred and fifty of Captain Soiland’s 

> _frignds were present, including Rear Ad- 


ta 
vi miral Ralston Holmes, Ų.S.N., Captain 
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W. H. Michael, M.C., U.S.N., The 
ble Fletcher Bowron, Mayor of Los * 
les, The Honorable Erling S. Bent, ! 
wegian Consul, Captain Iverson, U.S.N., 
Captain John Ruddock, M.C., U.S.N.R., 
Captain Walters, U.S.N., and Captain 
William E. Costolow, M.C., U.S.N.R. 
Congratulatory messages were receive 
from the Crown Prince and Princess o 
Norwav, the Norwegian Ambassador to the 
United States, Admiral Chester W. Nimitz, 
cINPAC, Rear Admiral Ross McIntyre, 
Surgeon General of the United States 
Navy, Admiral William D. Leahy, Chief of ‘ 
Staff to the President, and many others. e 
Following a pleasant program of enter- ^ 
tainment the principal address of the even- 
ing was given by Commander Johny] / 
Camp, M.C., U.S.N.R., whose subject was *, / 
“The Origin and Development of the Sci- 
ence of Roentgenology.”’ 
Dr. Soiland was presented with an en- * 
grossed scroll bearing the signatures of all . 
those present to which hereplied with words 
of appreciation. As the culmination of the 
evening Captain W. H. Michael, M.C., 
U.S.N., presented the fourth gold stripe 
elevating Dr. Soiland from the rank of 
Commander to the rank of Captain in the 
United States Navy. 


DR. KIRKLIN APPOINTED 
X-RAY CONSULTANT 
Dr. B. R. Kirklin of the Mayo Clinic, e 


Rochester, Minnesota, has been appointed 
as X-Ray Consultant in the Office of the 
Surgeon General of the Army, with the 
rank of Colonel. 
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Fic. 2. A vertical elevagon shows the platform and 


one supporting saf. Five cassettes are shown in 
place. 


anesthetized during the administration of 
"the radiopaque substance and the expo- 
gyre of the films. The child is placed on a 
low canvas frame, supported bv four legs 
which rest on the table top, as shown 1n 
Figure 1. The cassette changer is placed be- 
neath the canvas frame and fastened to the 
table top with suitable straps. The height 
. © of the frage should just clear the top of the 
cassette Wolder. The patient may be placed 
in any desired position, but we have found 
that in general the left anterior oblique is 
most satisfactorv. Becausethe roentgen ravs 
will penetrate the top cassette, it 1s neces- 
sary to back each cassette with lead foil, so 
that the rays reachaly one film at a time. 
We have found gp%t_4/64 inch foil is suffi- 
cient protection Jr tye following factors: 
76 kv., 400 ma., inf. 60 second at 40 
inches, but if a heavier exposure 1s contem- 
plated, it might be wise to use double the 
thickness. The foil is cut to size and a piece 
fastened on the back of each cassette with 
adhesivetape. 
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20 cc. of 75 per cent diodrast and < 
that is large enough to allow the i: 
to be completed in about two seconde 
the plunger meets the bottom of the syringe, 
a signal is given and the first exposure 1s 
made. The top cassette is then pushed o 
of the holder by an assistant and retrie 
on the opposite side of the table by a s 
ond assistant who places the cassette on 
convenient chair or stool. The second cas- 
sette rises into position and the next ex- 
posure is made and the process repeated un- v 
til all films contained in the box have been 
exposed. When a large cone is used with the ‘ 
tube we have not found sufficient scatteréd i: 
radiation to fog any of the exposed film. ir 
is important that each assistant wear a pro- 
tecting apron as some exposure to sc: d 
radiation 1s unavoidable. 

In a series of twelve angiocardiograms we 
have found the method very convenient and 
satisfactory, and with a little practice it 18 
possible to make one exposure every second. - 





Fic. 3. Horizontal section shows the position of the 
four springs beneath the platform and also the 
flanges and grooves at either end of the platform. 
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ANGIOCARDIOGRAPHY or the vis- 
* * ualization of the great vessels and the 
cardiac chambers by roentgen examination 
after the injection of a radiopaque substance 
Into the venous system is now a well rec- 
gnized accessory method of studv of ab- 
normalities of the cardiovascular system. 
There is only one part of the examination 
that presents any considerable difficulty, 
and that is the rapid exposure of the six to 
eight films in as many seconds, without 
which the 
little value. There are several adequate 
methods available for procuring such a se- 
ries of roentgenograms, but for those roent- 
genologists who only occasionally perform 
this type of examination, the equipment is 
either too expensive or too bulky when so 
infrequently used. 
To meet this objec tion, we have designed 
a small, inexpensive and effective semi- 
automatic cassette changer. The apparatus 
was made in a few hours by the Hospital 
carpenter at a total cost of two dollars and 
fifty cents. Basicallv, this cassette changer 
Is an open-topped box, sufficiently large to 
accommodate eight 11 by r4 in. cassettes 
without any unnecessary free play at either 


side or end. The bottom cassette rests on a^ 


platform which is supported by four or- 
dinary bed springs which should be Stgong 
strong enough to rgisea weight of 60 pours. 

the ae m changer i is loaded t C 
m is depressed with resulting com- 


son of the springs. With pressure 
museums) 2112 "exerted by tg springs, thYgpeatform 
— superi prose UC ends to 
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rise until the top cassette is stopped by a = 
small flange at either end of the container 
box. To procure an even rise of the place 
form each end of the platform has two sma]J 
projections that fit into grooves in the end 
pieces of the box. 

All of our angiocardiographv has been 
done with children and we have found that 
It is more satisfactory to have,the patient 
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p» r : 
ROENTGEN DIAGNOSIS In this article 4 cases of perivaterine di 
Te are described which refute this ideaf In 
DERNEGOLOOY AND OBSTETRICS ticulum we described which efute this ide: — 
M the first case there was obstruction and dilaWa- ^ 
Harper, R. A. K. Congenital duodenal ob- tion of the pancreatic duct and common and ar 
XE Y s | ; : ES 2a 
v aer Brit. f. Radiol, Nov., 1941, 74, cystic bile ducts as well as the gallbladder. This e 
360- had resulted in atrophy of the pancreas. The , 
d obstrgfftion of the duodenum is patient died of obstructive jaundice. In all of 
b o very rare aid is Senerally diagnosed in early the other 3 cases the diverticulum was associated TE 


e infancy. A case is described which is unusual 

from the fact that the obstruction did not cause 

æ . serious enough results to necessitate examina- 

tion until the patient was twenty years old. He 

ad always had a feeling of distention of the 

abdomen after eating and had vomited almost 

daily all his life. When he came for examination 

his abdomen was distended. Roentgen examina- 

tion showed fluid levels in the upper abdomen. 

There was gnarked distention of both stomach 

e * and duodgffum and fluid levels in the duodenum. 

Theobstgfiction was at the duodenojejunal flex- 

ure and very little barium left the duodenum in 

the first five hours. The examination also showed 
non-rotation of the cecum. 

Gastrojejunostomy was performed and the 
patient made an uneventful recovery. The ob- 
struction was prohably due to fixation of the 
duodenojejunal flex luring the development 
of the intestine. 

Obstruction of denum is frequently 
associated with other congenital anomalies and 
in this case the patient showed cleft palate and 
non-rotation of the cecum.—Audrey G. Morgan. 












OciLvie, Roperrson F. Duodenal diverticula 
* and their complications with particular ref- 
erence®to acute pancreafic necrosis. Brit. Fj 
Surg., Jan., 1949, 28, 362 2—3 79; 


Duodenal diverticula are fo 
quently on postmortem examination 
torgerly considered anatomical curiositi 
‘n Lo16 first Zemonstrated one during Efe bi 
"erue &xfmination and since then they have 
e — been excised by a number of surgeons. As late 

as 1939 bd wavds his book on “Divegticula 
and Diverticulitis of the Intestine’. say Wthat 
thé associatiga of pancreatitis with divertityla 
part of the pu is vague agd 
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with acute necrosis of the pancreas. There is 


: we “a "e 
evidence that in the majority ef füses necrósis l á 


of the pancreas is caused by obstruction of the 
ducts. This does not always occur, however, aN, 
shown by Case 1, and it is probable that the 
occurrence of necrosis is dependent on REA, 
of secretory activity of the glands. In experi- 
mental work ligation of the pancreatic duct pro- 
duced necrosis only when performed during dj- , 
gestion. 

Other complications of duodenal diverticula 
are diverticulitis, which may result in inflam- 
mation of surrounding tissues. Diverticulitis of 
duodenal diverticula is rare, however, as they 
drain freely into the intestine. The m a 
may contain enteroliths or gallstones. Only 
case of carcinoma of a duodenal "ades a 
has been reported in the literature. —Audrey G. 
Morgan. 


FELDMAN, MAURICE. A roentgenologic consider- 
tion of the Marial mugosa of the duodenum. 
Radiology. Sept., 


A careful study of the mucosa of the duode- 
num is important as it helps to define the roent- 
gen appearance of beginning disease of the 
duodenum. Heretofore early changes in the 
second portion of the duodenum have been over- 
looked or misinterpreted frequently. 

The author presents a detailed roentgen study 

vof the descending portion of the duodenum 
which is particularly interesting because of its 
relatiwf'to the head of the pancreas anel the bil. 
and pancreatic ducts. she nace: gre de- 
ibed in detail and illust 
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tl e long tudinal fold while others end at it. The 
‘ormal minor papilla cannot be seen in the 
roentgenogram. The relation of the head of the 
pancreas to the common and pancreatic ducts 
sand the major papilla is shown.—Audrey G. 
rgan. 






Pofris, Sipney A.. The clinical significance of 
he roentgenologic findings of the small in- 


A testine. Radiology, Sept., 1941, 37, 289-294. 


The author mentions some significant findings 
in the small intestine such as the association of 
rapid motility shown by roentgen examination 
with achlorhydria and segmentation of the small 
intestine with corresponding dilatation of the 
jected cons br groups of coils in vitamin B 

eficiency. The mucosal pattern may be dis- 
orted and emptying time delayed. Vitamin A 
distygbance of the small intestine may be con- 
V ois with the clinical picture of idiopathic 

steatorrhea. In idiopathic steatorrhea the val- 
vulae conniventes may be obliterated to such 
aa extent that the bowel may look like a tube 
through which wax has been poured and al- 
lowed to harden. There may also be dilatation 
of the lumen and spasm with sausage formation 
or segmentation. He describes the roentgen 
findings in a case of Hodgkin's disease of the 
upper jejunum. | 

Though roentgen examination of the small 
intestine is of great importance there seems at 
present to be no definite standardization of 
roentgen technique for such examination. At- 
tempts are being made to standardize the tech- 
nique by experimenting with small and large 
meals and adding va&pus non-irritating drugs 
which delay Wed Mine, cundi of the complexi- 
ties of metabolism and digestion in the small 
intestine it will probably never be possible to 
demonstrate definite patterns in the mucosa 
corresponding to different diseases but definite 
conclusions in regard to pathognomonic roent- 
gen findings will only be arrived at by cor- 
relating the clinical symptoms with repeated 
roentgen examinations.—Audrey G. Morgan. 


RictLER, . Leo G. Spontaneous pneffagperi- 








toneum: A roentggnologic sign found ihe 
Reposition. adiology, Nov., 1941, X, 
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lagnosis of rupture of the stomach, 
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patient standing so tha the gas might collect 
beneath the diaphragı ' But now it has been 
found that there is a sign that can be seen in 
the ordinary preliminary roentgenogram of the 
abdomen with the patient lying down. In such 
roentgenograms if there is air in the periton 
cavity-the outer as well as the inner wall of 
bowel can be seen. Gas passes betw 





Jacent loops of intestine so that the outer wall 


of each loop can be seen. This sign occurs only 
in pneumoperitoneum. . 

Therefore frequent roenggenograms should be 
taken in cases of obstrucNoneaf the intestine 
under observation. With such film* it may be 
possible to detect perforation before there are 
any clinical signs.— 4udrey G. Morgan. 









ALTMAN, W. S. Cholangiography, 


method. Radiology, Sept., 1941, 37, 261-268. 


Cholangiography is used almost as a matter 
of routine in cases of biliary surgery at Beth Is- 
rael Hospital, Boston. In the fractional method 
the first films are taken in the operating room, 
using 80-9o kv., 30 in. distance and Wo ma-sec. 
Most patients are given spinal ané@thesia so 
that respiration can be suspended véluntarily 
during operation. The cystic duct is exposed and 
a small ureteral catheter introduced into it. Bile 
is aspirated through the catheter and examined. 
Then 3 to § cc. diodrast is injected into the duct. 
A single film is then taken, a larger amount of 
diodrast (8-10 c.c.) m and a second 
film taken. These films mined and inter- 
preted during the oper@tiorNAf there are no in- 
dications for exploratid® of the common duct no 
further films are necessary. If the common duct 
is to be examined another check-up film is taken 
before the abdomen is closed. 

Postoperative cholangiography is done in the 
roentgen department. Bile is aspirated ane 
about 4 cc. diodrast injected. If it is gdvisable 

» flush the tube with saling previous to the 
nstallation the contrast medium larger 
'imounts injected (6 to 10 cc.) and stereo- 
scopi 1s are taken. Then the patient inhal 
amyl itrite, 4 to § cc. more injected anf’: 
fourth film taken. The amyl Nerita re 
Oddi's sphincter, giving better visualization c 
the intramural part of the ampulla. 

Thegfractional method has profed 6f value in 
diagg$fsis where there was difficulty in inter- 
pr 
b« breathing, spill or legkage arour 
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or common ducts, ov 
superimposition of the 
mon duct, super imposed. instruments, 
or T-tubes, anomalies or artifacts. 
'The author discusses 109 cases in which he 
ged the method. There was only one death, a 
ality of less tham 1 per cent. This patient 
an of seventy with a partially gangre- 
nous gallbladder who died three days after oper- 
tion of acute kidney failure. The method there- 
fore aertainly involvesino added risk.— Audrey 
G. Morgan 


DIPPEL, Ee 9 DErrs, E. The accu- 


racy of roentgen estimates of pelvic and fe- 
tal diameters. Surg., Gynec. © Obst., May, 
1941, 72, 915— 

Modern roentgen pelvimetry and fetometry 
Wave been developed greatly during the past few 
years and are now in use by many hospitals and 
teaching institutions. Many obstetricians do not 
use them, however, because they are not con- 
vinced of their precision. 

The authgrs therefore try to evaluate the ac- 
curacy of ffveral roentgen methods commonly 
used forffthese measurements. The simplest 
method is that of Thoms’ inlet view but it is 
accurate only when the external bony land- 
marks are properly selected. There is a con- 
siderable degree of variation in the pelvis in 
different individuals and sometimes the plane 
of the pelvic inlet cannot be accurately located, 
even from these boMi&andmarks. 

It has been X. that roentgenograms 
taken from a distél ice o@6 feet are not distorted 
but the authors show By means of similar tri- 
angles that teleroentgenograms are not accu- 
rate; fetal and pelvic measurements are over- 
estimated from them by about 10 per cent. 

In stereoscopic films markers must be used 
“nd it is necessary to use the exact tube-film 
and tubeshift distances called for by the tec 
nique in use. Hodges’ laboratory has a preci 
reentgen machine in which tl e-flm an 
tube-shift distances have been ca 

y cannot be altered. But most labor: 
b have such machines and the autl¥ws give 
mathengfftical methods for making precise 
stimateseirom stereoscopic films taken by a 
non-precision roentgen machine. They have 
found the Hodes graphic, the precision gnd the 
stgreoroentgenographic methods abbut eWally 
paccurate in gftimatif g maternal pelvic and Wal 
megireru cs. The Thoms and Hodges latgfal 
met htpel 5,» fgcasuge antegybosterior do. 


apping bone shadows, 
'stic duct on the com- 
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eters of the pelvis are quite accurate but with 
the former the lead ruler must be placed accu’ 
rately in the median plane of the pelvis for cor- 
rect results. Both of these methods are apt to 
fail of absolute accuracy in asymmetrical pelves. 
A table is given showing the roentgen est 
mate of the obstetrical conjugate in 6 casesgbv 
the various methods as compared with the Ki- 
rect measurement of museum specimens of Wl- 
ves or of patients on laparotomy.—Audrey K 
Morgan. 







FRosrBERG, Nirs. Fall von Röntgendiagnosti- 
zierter Tympania uteri. (Case of tympany of 
the uterus diagnosed by roentgen examina- 
tion.) Acta radiol., 1941, 22, ga. " 
A case is described in a primipara thirtyog 

four years of age admitted to the hospital on 

March 9, 1940. In 1936 she had been treated for 

myoma of the uterus and cyst of the lefemmenry. 

On this admission she had rapid pulse, tempera 

ture 37.6? C., distended abdomen and great 

difficulty in urination. The head of a fetus, evi- 
dently dead for some time, as it showed macera- 
tion of the third degree, lay in front of the 
vulva 

Roentgen examination was made, chiefly to 
determine whether the patient had peritonitis. 

[t showed the uterus greatly distended with gas; 

the fetus, placenta and umbilical cord could be 

seen plainly in it. No peritonitis. As soon as the 
fetus was delivered the umbilical cord ruptured 
and a large amount of vile-smelling gas was dis- 
charged. The cord was only 23 cm. long. With 
the discharge of the gas the abdomen collapsed. 
In spite of blood transfusion the patient died 
that evening. The laboyfomplication was prob- 
ably caused by the short cord and the high 
position of the placenta. Autopsy showed 
necrotic, gas-filled foci in the spleen and kid- 
neys. Microscopic examination showed short 
chains of bacilli, probably Welch bacilli. In 
delayed labor with infected amniotic fluid 
gas in the uterine cavity can be demonstrated by 


roentgen examination.—dudrey G. Morgan. 


Torrin, RicHarp, and Homes, L. P. Roent- 

geyMiagnosis of intra-uterine hydrovephalus. 
adiology. Sept., 1941, $7, 351-352. 
A case of roentgen diagWiosis of intr 
iydrocephalus is described? The late 
tissue metlgod was used s ipplementec 
study af ifo bstgucted laborfby the grid 
in whig the ro eter devised 
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zives an 8X 10 inch film showing the fetal head 
framed in the inlet. 

The lateral film showed the skeleton of a 
fairly large fetus without spina bifida but with 
a very large head. The height of the fundus was 
NS greater than the average indicating a large 
hed. The head was hard and measured through 
the abdominal wall 14 cm. in transverse diameter 
Though it was not certain which diameter this 
was it indicated a large head. After Twenty-four 
hours of fairly hard labor and twenty hours 
after the rupture of the membranes the fetus 
was delivered by low cesarean section. The 
child weighed 9 pounds, 8 ounces but had the 
body of about an 8 pound normal infant. The 
head was relatively too large for the body and 
Showed the bulging forehead and deep-set eyes 
of typical hydrocephalus. Tracings from roent- 
genograms are given of the skull of a normal 
fetus, those of the hydrocephalic child and those 
of a giant fetus recently seen, and a table is 
given showing the comparative measurements 
ef the three.—Audrey G. Morgan. 


GENITOURINARY SYSTEM 


CAHILL, GEORGE F. Tumors of the adrenal and 
the use of air insufflation in their diagnosis. 
Radiology, Nov., 1941, 37, 533-544- 


In 1921 Cahill first described a method of 
diagnosis in adrenal conditions which consisted 
of introducing air into the perirenal fascial 
planes. This outlined the kidneys and adrenals 
more clearly than ordinary roentgenography. 
The author has used it in several hundred cases 
since 1930 without gny bad results and with 
distinct advantage aad tumors of the 
adrenal. He gives a classification of tumors of 
the adrenal and discusses the use of the method 
in the different classes, illustrating them with 
roentgenograms. 

Dr. Joelson said in the discussion that while 


Dr. Cahill had been so successful with the use of ¥ 
this method in such a large series of cases the ,*carcinomz 


method is not entirely free of danger. In 

smaller series of cases at Lakeside Hospital they 
had had no fatalities but in sev&ral cag 
were symptoms du 
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the danger is slight andgmore than outweighed 
by the value of the ad. There is more danger 
in large tumors with tortuous, thin- walled 
vessels and the method is not recommended i in 
these cases. It is most useful in the diagnosis of " 
small tumors that cannot be demonstrate 


in 
any other way. As there is danger in sugfical 
exploration in these cases the patients s be 


given the advantage of this method to deter- 
mine the side on which the tumor is located. 
The amount of air used depends on the eize of 
the patient and the type ¥&f tumor. Patients with 
edema and fat deposits r nore air for the 
demonstration of the tumor thaWM thin ones. 
—Audrey G. Morgan. ° 






KinwiN, THomas J. Papillary carcinoma of the, « 
renal pelvis; diagnosis and treatment. Surg., 
Gynec. & Obst., Dec., 1941, 73, 759-765.  ™ 
Papillary carcinoma of the renal pelvis com- 

prises approximately § per cent of all renal 

tumors. Hematuria is the only early sign and 
should always be thoroughly investigated by 
every possible clinical and roentget logical pro- 
cedure until a diagnosis is esta 
retrograde or excretory pyelograms Qnay show 
filling defects, deformity of calices and evidence 
of obstruction. Aspiration of material through 
the ureteral catheter will sometimes result in 
histopathological evidence of malignancy. Treat- 
ment is surgical and should include nephrec- 
tomy and ureterectomy *because of the known 
tendency for transplarffstto occur in the ureter 
and bladder. 

A case report is inc 






ded ŒG. W. Chamberlin. 


STIRLING, W. CaLHoun, and Asn, J. E. Papil- 
lary adenocarcinoma of the kidney; hyper- 
nephroid tumors. Surg., Gynec. Obst., 
Sept., 1941, 73, 3057311. 

Exclusive of the tumors of the renal pelvis 
Wilms’ tumor, and tumors of the renaBblastema, 

e tumors of the kidney afe adenoma, adeno-, 
illary adenocarcinoma with clear * 
r cells. T. 
origin of papillary adenocarcinoma igi 
vet certain. True hypernephreqma may lr 
but many facts point to the rena&grigim o 
tumors. The most important pointWh the arg 
ment against the adrenal origin ef these tumors 
is th lack of theXecretion of ow n the cells 
of Mese tümors. 
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letected. Different rtions show different 
"oss —— Son. areas may be yellow, 
Xthers red. Calcification or cystic degeneration 
nay occur. The tumor tends to grow into the 
'enal pelvis and vein. The lungs and bones are 
most common sites of metastasis. Early 
osis Is necessary. Symptoms are frequently 
r scarce. Hematuria, in large or small 
imount, should always be investigated. A large 
nass in the loin is usually a late manifestation. 

The study of a suspdflted renal tumor should 
nclude a primary intavenous urogram to de- 
'ermine the. CO@abpagitive size, function, and 
ippearance %f the calices and pelves. Cysto- 
scopic examination with bilateral pyelograms 
should follow. Too much reliance should not be 
»laced on a single negative pyelogram because 
þe lesion may be obscured by the dye. Intra- 
venous urography with multiple films is some- 
times more satisfactory than retrograde studies. 

The authors recommend preoperative radi- 
ation therapy for those patients who give a 
short history and have a fixed mass. Metastases 
should be Zfearched for before operation. In 
arge tunffrs, the transperitoneal approach 
offers bet§er exposure for early clamping of the 
renal pedicle.—G. W. Chamberlin. 











HucaiNs, CHARLES, STEVENS, R. E., JR., and 
— CLARENCE V. Studies on prostatic 
cancer. 11. The effects of castration on ad- 
vanced carcinoma qae prostate gland. Arch. 


Surg., Aug., 19 209-223. 
Twenty-one ient& with demonstrable 


metastases or local extension of the prostatic 
cancer outside the capsule of the prostate were 
treated by orchidectomy. Fifteen had roentgen- 
ologically demonstrable metastases in the pelvis 
or spine. Most had osteolytic and osteoblastic 
metastases and 1 had a pathological fracture 
of the p@vis. , 
The acid phospffhatase, in 8 cases in. whid 

nfalignant tissue was available, 





à dult epithelium. 

Pn patiffits with carcinoma of the prostate 
who had marked elevation of the serum acid 
phosphatase, castration cafsed a red ction 
togvard norn* al — was maintained for Nany 
months. 
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was relief of pain, gain in weight, and an up 
ward trend of the erythrocyte count. 

In all cases, except 1, the prostate gland de 
creased to a small size, and in many cases, r 
became soft and so small that it could scarcely 
be palpated. 

In all cases in which metastases to bone wh 
present, increased osteosclerosis occurred withii 
three to six months. The 1 case of pathologica 
fracture became united. 

Untoward results of castration were tempo 
rary swelling of the ankles, development of ho: 
flashes, and the abolition of sexual capacity 
The hot flashes could be eliminated by using 


estrogenic substance.—G. W. Chamberlin. 
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KAUFMANN, WILLIAM, and WRIGHT, ARTHURW 
Lymphosarcoma of the prostate gland. Arch 
Surg., Dec., 1941, 43, 1061—1075. 

This article consists of a review of tffe ften 
ature and a detailed case report of primary 
lymphosarcoma of the prostate. Justificatior 
for this presentation lies in the controversia 
opinions regarding the possibility of such 
primary lesion. The case reported tends to sup 
port the author's contention that primar 
lymphosarcoma of the prostate does occur. | 
is a rapidly growing neoplasm which infiltrate 
the surrounding tissues. [t may arise from pre 
existing lymphoid tissue or from tissue forme 
as a result of previous chronic inflammation 
The tumor is resistant to radiation therapy 
Extreme care must be exercised to differentiat 
this tumor histopathologically and clinicall: 
from anaplastic carcinoma of the prostate.— 


G. W. Chamberlin. 


Prince, C. L., and WEsrT, S. A. Leiomyosar 
coma of the prostate; report of a case an 
critical review. f. Urol, Dec. 1941, 4 
1129-1143. 

Leiomyosarcomas differ from leiomyoma 
histopathologically in the following findings 


. increased cellular pleomorphism, hyperchrc 
matic nuclei, mitotic figures, decreased acidc 
philic character of the cytoplasm and invasio 
of con 


usaf structures. Their occurrence i 












of dysuria, frequency and fhematuria 


years’ M ion. The pregthte was ha, 
larged a d "C biopsy oBtain 
with the McC} sectgllcope show 
mvaosrooama N eviience mefactasc con 


i VM 
: sS No. ‘| / 


e 
~be found. Due to the radioresistance of muscle 
tumors a radical perineal prostatectomy was 
performed. Examination one year after oper- 
ation showed no local recurrence and no 
dence of any metastatic lesion. 

The authors found a great deal of confusion 
V the literature on prostatic sarcomas. Some 
authors denied the existence of muscle cell 
tumors of the prostate. The authors of this 
paper found 15 cases in the literature of leio- 
myosarcoma of the prostate and they have 
summarized their main features in tabular 
form. 

The etiology of this tumor is obscure; the 
symptoms are those of prostatic obstruction, 
And tHE osis is usually made only on bi- 
d opsy. Metastases were present in 40 per cent 
’ of cases. Local extension occurred in 85 per 

cent of the cases. The prognosis is poor. The 
aomy hope for cure is radical perineal prosta- 

tectomy. The tumors are too radioresistant for 
cure by irradiation. 

From their studies the authors conclude that 
this type of sarcoma is the least malignant pros- 
tatic sarcoma in the adult. They feel that it is 
important to try to make a differential diagnosis 
in prostatic sarcomas for this reason.—R. M. 
Harvey. 
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BARRINGER, BENJAMIN S., and Eanr, Davip. 
Teratoma testis. Surg. Gynec. © Obst., 
March, 1941, 72, 591-600. 

This article is a survey of general information 
obtained from a group of 37 patients with tera- 
toma testis who came to autopsy. 

The majority of gases in this series had either 
surgical or radiatioM treatment. The average 
age of the patients Wudied was 31.5 years. 
Nineteen cases were raMiosensitive embryonal 
carcinoma; IO were embryonal adenocarci- 
noma, somewhat less sensitive; 3 were radio- 








toma. The right testicle was involved 19 times, 
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Inguinal nodes are not involved unlese the tu- 
mor has perforated tee tunica vaginalis or the 
capsule of the testicle. In 10 cases there was 
node involvement which extended from thg 
pelvis to the left supraclavicular area. The* 
mediastinal nodes were involved in 48 per gnt; 
intracranial involvement was present in 46 per 
cent, and the lungs were involved | per 
cent of the cases. Metastases to bones, genito- 
urinary, and gastrointestinal tract, were less 
common. In nearly aÑ the cases, thereewas bi- 
lateral involvement iÑthe abdomen either of 
lymphatic glands or int gine organs.— 


G. W. Chamberlin. 
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FiNEsTONE, Epwarpb O. Urinary extravasation 

(periurethral phisgmon). Surg., Gynec., Sap 

Obst., Aug., 1941, 73, 218-227. 

The author states that seven factors play 
parts in determining the characteristics. of 
extravasation: (1) anatomical distribution of 
fascial planes; (2) nature and location of the 
urethral lesion; (3) hydrostatic pressure of the 
extravesic fluid; (4) vascular oMstruction in- 
duced by pressure of perineal abs&ss or extra-* « 
vasated fluid; (5) occurrence of vasdhlar throm- 
bosis or thrombophlebitis; (6) elasticity, ton- 
icity, and contractility of the tissues and 
muscles; (7) nature of the invading organism. 

In this article, there is a discussion of the 
anatomy of the perineum, followed by a series 
of experiments upon cadavers. Specimens were 
injected with radiopaque and colored solutions 
through a needle in c pgneal triangle. Meas- 
urements were macy of ‘the amount injected 
and the pressure applied at intervals as control 
films were exposed. 

These experiments failed to reveal any case 4 
wherein the tunica vaginalis testes was involved, 
so that operations on the deeper structures of. 
the scrotum are considered unnecessary. 

The author indicates the importance of 
iversion, of the urinary stream in all cases ef 








the left 18 times. Abdominal cryptorchidism | *- periuret eM truction whether or Hot fhe* 


with teratoma occurred 4 times. The Asc hheing" 
Zondek reaction as carried out on these cases 
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into the urethra. Carcinóma of the malè urethra 
is very rare. The authots encountered 1 case 
in? 19,000 admissions to a hospital for the treat- 
ment of neoplasms. The best treatment is am- 


Ed š - è ; à ` ^ 
* butation of the penis and radical dissection of 


thegglands of the groin. 
: commonest benign tumor of the female 





incompletely removed. Electrodesiccation is the 
ideal method of treatment. Extensive scars 
must bg avoided or striftures will result. Ten 
cases of carcinoma of tfe female urethra were 
encountered in the sgfne series of 19,000 ad- 
missions in Whic carcinoma of the male 
eurethra was seen. The symptoms consist of 
bleeding, pain on urination, or urethral ob- 
wsfruction. Irradiation is gradually replacing 
radical surgery in the treatment of carcinoma 
of the female urethra. 

The authors favor irradiation in the early 
and moderately advanced cases of epidermoid 
carcinoma. In advanced cases and especially 
in adenocarcinoma, radical surgical extirpation 
may be necgssary. The authors use radium 

eneedles plagéd interstitially around and par- 
allel to theflumen of the urethra, 0.5 cm. from 
its mucosa. Four needles are placed above, 
below and to each side of the urethra and a 
fifth needle in the midline just beneath the sym- 
physis. Additional needles are introduced 
laterally and inferiorly for lymphatic blockage. 
The lymphatics drain to the inguinal glands’ 

One case report of epidermoid carcinoma in 
the male and one œ begeen papilloma in the 
male are presented@togetMer with case reports 
of 8 females with carcinoma of the urethra. In 
the presence of palpable inguinal glands the 

, authors advise radical bilateral surgical dis- 
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section. They do not advise prophylactic ae 
section of the glands in the absence of palpable 
enlargement.—A. M. Harvey. 
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HaMBv, WaArLAcE B. Misplaced spinal er 


an analysis of 104 lipiodol spinograms. Radi- 
+ 
ology, Sept., 1941, 37, 343-346. 


A striking case of displacement of lipiodol 
led the author to make an analysis of 104 
spinograms from the hospitals of Buffalo. He 
found displacement of the lipiodol into the 
subdural or epidural space in 8 of them, or 7.7 
per cent. The oil had been introduced by cis- 
ternal puncture in 13 of these «emet "ed bẹ? 
lumbar puncture in 91. It was misplaced in em 
3 of the cisternal cases, or 23 per cent, and in N 
5 of the lumbar cases, or 5.4 per cent. 

If lipiodol is displaced into the enata] m, 
space it appears in the roentgenogram as a « 
relatively fixed, irregular, opaque mass which 
a few days later tends to be widely diffused 
through the canal, either in the form of minute 
droplets or in that of a mass extending outward 
along the nerve roots. Subdural lipiodol flows 
rather freely but tends to outline defects that 
are not constant in serial studies. It remains 
more or less in a mass instead of becoming 
widely diffused. 

The factor that was constant in these cases 
of displaced lipiodol was that spinal fluid 
pressure had been reduced previously either 
by lumbar puncture or, more commonly, by 
air spinography. Therefore it is advisable if 
lipiodol is to be injected after air spinography 
to wait at least ten day before injecting the 
oil.—dudrey G. Morgan 
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